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COLUMBIA 
ATED CARBON 


We supply special activated car- 
bons for all gas and vapor adsorp- 
tion applications. Several grades 
are produced specifically for: 
@ Solvent Recovery 
@ Air Deodorization 
and Purification 
Industrial and 
Military Gas Masks 
Purification of 
Industrial Gases 


Separation and Purification 
of Hydrocarbon Gases 
(moving beds) 


@ Catalysis of Vapor-Vhase 
Reactions 


CARBIDE AND CARBON There is no one activated carbon for all uses. Optimum charac- 
CHEMIGALS C0 MPANY teristics vary with each application. The right combination of 


properties is required in an adsorbent for most effective results. 
A Division of And there is a Cotumpta Activated Carbon with the combina- 

Union Carbide and Carbon Corporation tion you need, 
30 East Street New York 17, Let us help you select the proper Acti- 
vated Carbon for your particular job— the grade that 
combines the best particle size and shape, active sur- 


face area, adsorptive and catalytic properties, ash 
content, hardness, and mechanical strength. 

Write today, describing your application, and our 
engineers will give you further detailed information. 


“Columbia” is a registered trade-mark of Union Carbide 
and Carbon Corporation. 


For the RIGHT COMBINATION of P “tie a 
or the of Properties 
use 
. 
— 
SOLVENT RECOVERY CATALYSIS 


CHECK THESE FEATURES 
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109 TEAM WORK IN THE TRAINING OF YOUNG MEN 
R. P. Dinsmore 


THE GULF’S PROGRESS e UNIFORM ROTARY MOTION 
OVER ENTIRE SCREEN AREA— 
ENGINEERING SECTION MECHANICALLY CONTROLLED 


RECOVERY OF PHENOLICS FROM WASTE EFFLUENTS 
R. G. Edmonds and G. F. Jenkins e ALL-METAL CONSTRUCTION 


DESIGN METHOD FOR BUBBLE TRAYS —HEAVY-DUTY DESIGN 
G. T. Atkins 
COMMUNICATIONS ABSTRACTS e DUST-TIGHT, SANITARY 
C.E.P. SYMPOSIUM SERIES NO. 8 —EASILY CLEANED 
VACUUM DEGASIFICATION IN A PACKED COLUMN 
E. L. Knoedler and C. F. Bonillo A new, exclusive 4-point drive on 
OIL SHALE RETORTING THROUGH FLUIDIZATION this improved, all-metal model of the 
Bar-Nun Rotary Sitter imparts a con 
CONTINUOUS COUNTERCURRENT ION EXCHANGE , 

N. K. Hiester, E. F. Fields, R. C. Phillips, ond S. B. Rodding trolled, uniform, single plane rotary 
LABORATORY FOR PILOT-SCALE DISTILLATION motion over the entire screen area. 
J. Friden cad G. Stack Rods or flexible supports to carry the 
SURVEY OF GAUGES FOR LOW PRESSURES Sifter box are eliminated. Clean, 
R. B. Lowrance accurate separations, big capacity 
PRODUCTIVITY IN CHEMICAL PLANT MAINTENANCE per square loot of screen area, long 
L. A. Dorling ond H. A. Bogle life and low maintenance costs are 
ALUMINUM REFERENCE SHEET assured by this new Bar-Nun design. 
H. W. Fritts 
This new Bar-Nun Sifter is a heavy- 
duty unit, ruggedly constructed for 
continuous operation in the grading 
or silting of dry chemicals. The 


A CHALLENGE TO ENGINEERS FUTURE MEETINGS , 
standard Sifter box is made of alu- 


G. E. Holbrook NEWS ABOUT PEOPLE . 
INDUSTRIAL NEWS LOCAL secTion minum, but special metals can be 
DATA SERVICE case supplied for handling acids or alka- 
MARGINAL NOTES NECROLOGY line materials, The dust-tight box 
ALChE. NEWS AND NOTES permits no leakage. Sieve frames are 

© ote TO removable for easy cleaning. 

22 © 26 e29 NOTED AND QUOTED A sell contained unit, the Bar-Nun 
Rotary Silter is furnished complete 
with motor for fixed speed opera- 
Advertising Manager: 1. T. Dupree tion, or with variable speed drive. 
Several sizes are available, from one 


The cover this month shows port of Published monthly by American Institute of to lour sieves deep, for two or more 


. f Chemical Engineers, at 15 North Seventh Street separations 
the Carbide & Carbon coal-hydro- Philadelphia 6, Pennsylvania, Editorial and Ad I ; 


genaton plant ot Institute, W. Va. vertising Offices, 120 East 418t Street, New York 
At the left is the waste-treatment 17, N. ¥. Communications should be sent to the - , 
section described in “Recovery of Editor. Statements and opinions in Chemical mg oT grading operation im your 


Phenolics from Waste Efflvents” by Engineering Progress are those of the ntribu proc Ss, le sure to chec k on the ad 
tors, and the American Institute of Chemical 


on-location avthors Edmonds ond Engineers assumes no responsibility for them vantages of the new Bar-Nun Rotary 
Jenkins. Aqueous discharge Subscriptions: U. 8. and possessions, one year Sifter. No obligation. 

(stripped of phenolics) goes to a $6.00; two years $10.00 (Applies to U. 8. and 

ttling basin (not shown) and then possessions only.) Canada $6.50; Pan Americar 

Kanowha River, which Union, $7.50; Other Foreign, $8.00 Singl GuUMP Co 
flows only a few miles before join- than one year cost $1.00 a copy; others are Engineers and Manufacturers Since 1872 
ing the Oh’o. What would other- 75 cents. Entered as second class matter Decem 
wise be an annoying pollution ber 9, 1946, at the Post Office at Philadelphia 
problem is thus averted through Pennsylvania, under Act of August 24, 1912 » 1311 SOUTH CICERO AVE 


the application to the effluent, of Copyright 1954 by American Inatitute of Chemi Gum CHICAGO 50, ILLINOIS 
i 
\ 


For a new high efhciency in any sift 


- 2 cal Engineers Member of Audit Bureau of 
the same degree of chemical engr Circulations. Chemical Engineering Progress ix 


neering interest as was oftorded indexed regularly by Engineering Index In 4 
the main product stream. corporated 
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McLeod Gauges epiror 


are the most convenient and economical instru- 
ments for measuring low pressures of true 
gases from 1 micron up. _ An Old Army Game? 


Recent articles on the “National Survey 
Ideal for Vacuum Distillation, Vacuum Tubes, Vacuum Drying Equipment. the lation 
ships of the chemical engineer to industry 
and public. An equally important subject, 
especially to younger members of the pro- 
fession—the military and the chemical engi- 
neer—was not investigated. 

I noticed that the national meeting to be 
held soon in Washington will include a 
talk on one phase of that subject, the 
Scientific and Professional Personnel” 
(SPP) operation of the Army. May I 
quote a sentence from the abstract on the 
talk: 

“With a limited national supply of man- 
power, the effective utilization of tech- 
nically trained personnel is of great im- 
portance.” The implication is that the 
chemical engineer graduate inducted into 
service would, after his basic training, be 
assigned to a position where his knowledge 
could be put to use. However, he is not 
considered eligible for a SPP rating until 
he has one year of experience behind him; 
without this rating he is likely to be as- 
signed to something entirely unrelated to 
the engineering field. The electrical and 
mechanical engineer graduate, on the other 
hand, is given the SPP rating automati- 
cally, no experience required. 

Why the distinction between the pro- 
The uniform built-in accuracy with Top of capillary end is evenly flat. fessions ? 

ACE Trubore® tubing provides the Adjustable scale enables lining up New York, N. Y 
finest in McLeod Gauges. top of capillary, thus eliminating 
Permits interchangeable scales for errors inherent in fixed automatic Education vs. Engineers 


quick accurate readings without re- zeroing devices. 
calibrating entire guage. 


Hersert H. Lusirz 


Your editorial on “The Clash of Sym- 
bols” in the February issue of Chemical 


Engineering Progress is one of the first 
Ace 6 You public admissions that has come to my at- 
| tention to the effect that education is being 


CONTINUED HIGH ACCURACY AT NEW LOW PRICES so rapidly replaced in the United States by 
Reeds training for “dollar chasing.” 

mm. Hg. ° ply Hg. ~~ Price All my life I have been associated almost 

exclusively with the so-called “Engineering 


0-1.0 0.001 $39.95 Profession.” I have found these “engi- 
0-5.0 0.005 38.95 neers,” with few exceptions, to be incapable 
0-10.0 0.010 36.95 (Continued on page 10) 

0-15.0 0.50 35.95 


Prices Subject to Usual Discounts 


AN INSTRUMENT OF UNIVERSAL USE 


An Instrument of Universal Use where Vacuum is to be measured in Pilot Plant 
or Production. 


For Bulletin—Write DEP’T MG-G 


For Catalog listing an unusually comprehensive fine of Industrial and 
Laboratory Glassware and related equipment, write for ACE Catalog “50”. 


ACE GLASS oO INCORPORATED 
VINELAND NEW JERSEY 
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Lo Highest-Quality Shop 
Fabrication and Field Erection 
of Tanks and Pressure Vessels 


y ®, With On-Time Deliveries 


3. At Competitive Prices 


storage tonks— 
fobricated ond “erected by 


Neoter Field Construction ' May we prove whol we soy? Send us your blue 
Depa 542 = prints for your next job, for prompt quotes and con- 
NOOTER N 
Since 1896 ee 1430 South Second St. * Saint Louis 4, Missouri 
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At the Golden Valley Creamery, Newman, Calif., where 
Crane Bar Stock valves replaced original lead regulator 
valves on spray process milk driers. They handle hot 
milk from high pressure pumps, at 2000 to 3000 psi, 
at a temperature of 180° F. 


THE CASE HISTORY 


The original equipment valves on these driers had a 
short life. They started failing quickly ...couldn’t be 
regulated . . . interrupting control of the process. Shut- 
downs for valve repairs were excessive; maintenance 
costs increased. The trouble was the stem threads were 
always stripping. 

Not until all original valves were replaced with the 
sturdy, precision-made Crane 18-8 Mo Bar Stock valves, 
was the trouble completely stopped. That was more 
than 5 years ago. The Crane valves are still in the lines, 
holding down maintenance costs year after year, help- 
ing keep the plant at peak efficiency. 


VALVE SERVICE 


SUITABILITY: 


GQubldnt be bellor 


FEATURES: 


hear Coralia 


MAINTENANCE COST: 


Punt 


SERVICE LIFE: 


OPERATING RESULTS: 


AVAILABILITY: 


THE VALVE 


You can see and fee! the high 
quality of Crane Bar Stock 
valves. They’re sturdy, compact 
and precision-crafted from solid 
steel, Exelloy, or 18-8 Mo, for 
cold working pressures up to 
3000 psi. Sharply tapered disc 
gives closest flow regulation. 
Wide seating surfaces stay tight, 
resist wire drawing and cutting. 
You can’t find a better valve for 
regulator leads, orifice meters, 
by-passes, and many similar 
services. Sizes up to l-in. See 
— Crane Catalog or Crane 
epresentative. 


THE BETTER QUALITY...BIGGER VALUE LINE...IN BRASS, STEEL, IRON 


CRANE VALVES 


CRANE CO., General Offices: 836 S. Michigan Ave., Chicago 5, Illinois 
Branches and Wholesalers Serving All Industrial Areas 


VALVES FITTINGS + PIPE 


PLUMBING 
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way to handle acid corrosion 


AFE for plant and personnel 


For problems involving severe corrosion, 
or elimination of contamination, best bet 
is a material chemically inert to product 


fe CAL being handled—and it should be hard, 


smooth, strong, and non-porous. 


fad ORCELAIN : That's a description of Lapp Chemical 


Porcelain—and a list of characteristics 

which have won it a permanent place in 

hundreds of plants, and hundreds of proc- 
esses, where no other material ever gave as satisfactory service. 


The bonus is that it costs a lot less initially than most corrosion-resistant 
alloys and lined equipment. And the economy is increased in the fact that 
it almost never needs maintenance or replacement. 


We want to make special mention of the item “safe for plant and per- 
sonnel.” Lapp Porcelain is much tougher and stronger than most people 
give it credit for. However, under severe shock, physical or thermal, it will 
break. In the past we've supplied our equipment with several types of 
armor. Today, we've got the simplest, most economical, and best. We call it 
TUFCLAD. It consists of multiple layers of heavy fiberglass woven cloth, 
impregnated and bonded with an Epoxide resin. This armor shell acts as a 
cushion against impact damage, and insulator against thermal shock. But 


ae ase most important, it is of itself strong and tough—will hold line pressures 
ALVES F 

meus. even when porcelain is cracked or broken. 

PIPE AND FITTINGS Yo" TO 8” 

TOWERS 12”, 18”, 24” 

RASCHIG RINGS %” TO 3” 

TOWER PLATES 


For your problem of corrosion or contamination, Lapp Chemical 
Porcelain may bring you a new standard of untroubled service, 
improved quality and lowered cost. Write for description 

and specifications. Lapp Insulator Co., Inc., Process 

Equipment Division, 330 Wendell St., Le Roy, N.Y. 
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ECONOMIC STUDIES “ve 


“Are we sure we're on the right track—process wise?” . . . a question every 
company asks itself when planning a new plant or unit. 

Usually there are available more than one process for coming up with the 
desired end-product with or without certain desired by-products. The 
problem then is to decide which method is best when all factors are 
considered. 

We offer our services in connection with such evaluation, bringing to the 
problem a very broad experience in many fields of processing such as: 


Organic Chemical Synthesis 
Inorganic Chemical Processing 
Catalytic Operations 

Solvent Purification 


Separation and Refining of Organic Chemical Mixtures 
by conventional, azeotropic and extractive 
distillation, liquid-liquid extraction, crystallization 


Petroleum Processing: 
Topping and Vacuum Distillation 
‘Design Lube Oil Units 
of Process Plants Coal Tar Distillation 
Sai Gas and Vapor Recovery 
Pharmaceuticals 


Should you contemplate employing out- 
side services for a study of all factors 
leading to a sound process evaluation, 
we'll be glad to discuss how we might 
be of help to you, 


BADGER MANUFACTURING COMPANY 


230 BENT STREET, CAMBRIDGE, MASS. * 60 EAST 42nd STREET, NEW YORK 17, N. Y. 
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each pellet. .a 


BALANCED 


diet for 
mother earth 


C&I's NEW’ NITROPHOSPHATE PLANT USES THE 
PEC* CONTINUOUS CHEMICAL PROCESSES .... 
it is simple, compact and produces a SUPERIOR 
PELLETED FERTILIZER that will not cake—can be 
stored in bulk or bags—is easy to handle and can 
be applied without special equipment. 
Stabilization can be accomplished with CO, (pat- 
ented CARBONITRIC process), H,SO,, H,PO, or K,SO,. 

This provides a wide flexibility in choice of raw ma- 

terials and product composition. High analysis fertilizer 

can be manufactured by these processes for approxi- 
mately half the cost of a similar grade produced by 
antiquated mixing methods. 

C&l can furnish the COMPLETE FACILITIES FOR PRO- 
DUCTION OF PELLETED COMPLEX FERTILIZER WHICH IN- 
CLUDE AMMONIA, NITRIC ACID AND COMPLEX FERTILIZER 
UNITS. Capacities from 200 tons of fertilizer per day to any 

desired amount. These facilities are available at a FIXED 
PRICE with PRODUCTIONS and EFFICIENCIES FULLY GUAR- 
ANTEED! 


Specialists in Processing Ammonia 


Tue CuemicaL AND [NpustrIAL Corp 
CINCINNATI 26, OHIO 


% Potasse et Engrais Chimiques 
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CORROSIVE 


Equip Your 


SAFETY HEADS 
With 
Kel-F Lined 


Rupture Discs! 


Whenever BS&B Safety Heads 
are installed in a location where 
corrosive conditions exist, an un- 
rotected metal rupture disc may 
vulnerable to corrosive attack 
from either the product or the at- 
mospheric side—or both. 
The recommended disc to use 
under these circumstances is the 
BS&B Kel-F lined rupture disc, 
which has for more than 3 years 
proven its resistance to corrosive 
attack from strong acids, caus- 


Safety Head Division, Dept. 2-0X 3 
7500 East 12th St., Konsas City 26, Mo. 


tics, chlorine, etc. Kel-F is a 
trade name for a thermo-plastic 
film of trifluorochlorethylene, 
which is also known by the trade 
name of Trithene. Discs may be 
specified with the Kel-F lining 
on either or both sides, as your 
conditions may require. 

The use of Kel-F linings in com- 
bination with metals of known 
mechanical and _ metallurgical 
qualities such as Inconel, Monel, 
stainless steel, nickel and Hastel- 
loy B means positive, trouble- 
free protection in highly corro- 
sive applications heretofore im- 
possible. 

Thus, through “know-how” at- 
tained by years of experience in 
this highly technical field, BS&B 
has again provided the Process 
Industries with a better safety 
device for the protection of closed 
pressure systems! 


For full information on the BS&B Kel-F lined 
rupture disc and its application to your 
specific problem, consult your BS&B Office 
of Representative ...or write to us direct. 


THE “CIRCUIT-BREAKER” OF 
Any Pressured System 


LETTERS TO THE EDITOR 


(Continued from page 4) 


| of thinking outside the field of their “pro- 


impending 


fession.” Education is to them unknown 
territory. Arm-chair plumbers, machinists, 
ditch-diggers, etc., have been designated in 
recent years as “engineers,” the title having 
been usurped from the men who used to 
run donkey boilers or steam locomotives. 
To have designated it as a profession, com- 
parable to the field of law, etc., has been 
absurd, but has been a natural consequence 
of the prevalent desire to avoid manual 
labour, and to make the accumulation of 
money the supreme object of life. 

I am surprised and deeply gratified to 
learn that somebody, either with some edu- 
cation or with some respect for education 
caused you to lose the battle for abolishing 
the use of the Greek alphabet in engincer- 
ing. Why not try to teach the people who 
use it—professors, students or anyone else 
—to write it correctly and legibly? Of 
course many “engineers” can’t write good 
English nor spell it, correctly, but maybe 
it would not be too difficult to teach them 
the Greek alphabet. 

Wirarp B. Savary 
Harrison, N. J, 


[Education is an elusive quantity; it is 
hardly guaranteed by a knowledge of the 
Greek alphabet. We doubt that engineers 
or mathematicians will stop using Greek 
letters, but the fact remains that the letters 
are used as symbols and we need more 


symbols.— Eb. } 


Accredit High School? 

You expressed the desire for comments 
from your 17,000 readers. Let's hope they 
do not swamp you all of a sudden. 

Here is mine for what it is worth. And 
it is directed incidentally also at Dr. 
Nichols whose talk in Pittsburgh im- 
pressed me very much. He told us of an 
change of publication policy. 
You will eventually have a magazine cov- 
ering general and engineering topics and 
transactions covering the gruesome details. 
Frankly, I like it that way. I tiink Mech- 
anical Engineering is one of the best- 
baianced magazines and you will be ap- 
proaching or even surpassing it with the 
new policy. 

Your article: “Life at an American 
University” by E. J. Cullen was very 
enlightening. His reference to the two 
lost years at the American colleges struck 
a chord with me. The A.I.Ch.E. pioneered 


the accrediting of colleges and is now still 


the important factor together with the 
ECPD. I have been wondering for years 
whether these two bodies could not do 
something to relieve the load of the col- 
leges and forcing it on the high schools 
which do less and less for the future col- 
lege students at a terrible waste of young 


(Contnucd on page 16) 
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NO FILTER CAKE 
DISPOSAL PROBLEM HERE 


No danger of running afoul of municipal ordinances . . . no 
pollution of streams or lakes . . . no clogging or overloading 
of sewer lines. 

With a Niagara Style “H” Horizontal Pressure Leaf Filter 
there's no sluicing . . . no washing . . . no flushing into the 
sewer. When filtration is completed, the leaves, mounted on 
a retractable carriage, roll out on a monorail. Simply tap 
each leaf with a rubber mallet. The cake drops off cleanly 
into a hopper cart . . . ready to be hauled away for easy dry 
disposal. 

Of course, that's just one of many advantages provided by 
the Niagara Style “H” Filter. For instance: 

te Ic will filter liquids to clarity at rates up to 45,000 G.P.H. 


%& It will give you easy recovery or disposal of as much as 
150 cu. ft. of solids at a time. 


%& It can be taken off stream, drained, opened, cleaned, closed, 
filled and precoated . .. by one man... in a matter of 
minutes instead of hours. 


DIVISION 


AMERICAN MACHINE AND METALS, INC. 
EAST MOLINE, ILLINOIS 
In Europe: Niagara Filters Europe, Post Box 1109, Amsterdam-C, Holland 
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% Available in a wide range of capacities, it can be made of 
stainless steel or special alloys for corrosion resistance. 


te For the great majority of applications, the all-metal leaves 
require no cloths. 


Niagara Pressure Leaf Filters, both vertical and horizontal, 
are cutting filtration costs, saving time, and improving prod- 
uct quality in hundreds of processing plants all over the 
country. Let us send you more interesting information. Just 
clip and mail the coupon . . . no obligation. 


A COMPLETE FILTRATION ENGINEERING SERVICE 


Years of experience in designing and producing filtration equip- 
ment for hundreds of widely varying applications plus a 
thorough knowledge of processes and process requirements . 
have buile for Niagara engineers a reputation for solving even the 
toughest filtration problems. We'd like to put this know-how to 
work for you to test your samples for filterability . . . pilot the 
filtration for you design, build and install a filter or a complete 
system to fit your process. Let's talk it over 


Niagora Filters Division, American Machine and Metals, Inc 
Dept. CEP354, East Moline, Illinois 


| 
YES . we'd like to know more about Niagara Pressure Leaf Pileers 
for ~{ product of operation) | 
Have representative call Send Catalog NC1-53 
Name | 
Title 
Company | 
Address Zone State 


| 
= . 


PROTECTED 


BY 2,500,000 FILTER CHANNELS PER SQ. 


Celite Filtration provides the critical 
purity required for antibiotics because it 
removes even the finest suspended solids. 
A Celite Filter Cake contains more than 
2,500,000 filter channels per square inch 
of surface. The Celite method also pro- 
vides high production volume because it 
permits fast flow rates. 

Celite powders may be used with any 
type of conventional filter. The right 
baiance between flow and capacity with 
degree of purity is easily achieved . . . first 


A 


Celite Filter Cake is hundreds 
fof times finer than the finest _ 


wire mesh! 


Celite” Filtration assures highest purity 


in building up a pre-coat of Celite on the 
filter medium, then by adding small 
amounts to the solution to form a con- 
tinuously fresh filter surface. To meet 
different requirements, Celite comes in 
nine standard grades of microscopically 
controlled particle size. Utmost product 
uniformity is assured. 

Because of its simplicity, flexibility and 
efficiency, Celite Filtration has become 
the standard for entire industries. For 
highest purity in antibiotics, for perfect 


Chemical Engineering Progress 


clarity in food products, for removing 
impurities from chemicals, petroleum, 
and other products . . . Celite offers un- 
equalled advantages. 

Whatever filtration problem you face, 
it will pay you to investigate the Celite 
Filtration method now. A Johns-Manville 
Celite Filtration Engineer will gladly dis- 
cuss your problem. For his services, with- 
out obligation, write Johns-Manville, Box 
60, New York 16, N. Y. In Canada, 199 
Bay St., Toronto 1, Ontario. 


Johns-Manville CELITE ruter 
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An example of BUFLOVAK Forced Circulation and V.R.C. 
(Vertical Rapid Concentration) Evaporator. This one is used 


each evaporator problem 
has one best answer 


BUFLOVAK catalogs have 
a wealth of valuable infor- 
mation for you on drying, 
evaporation and process- 
ing. A request on your 
company letterhead will 
bring copies to you. 


Vol. 50, No. 3 


If you have an evaporator problem it must 
be treated individually ... if you want 
the most profitable return on your in- 
vested dollars. 

BUFLOVAK Vertical Rapid Concen- 
tration Evaporators provide high rates of 
evaporation, maximum recovery of solids, 
with simple, easy operation. You can 
pre-test in the BUFLOVAK Testing Lab- 
oratory in order to be doubly sure. Your 
engineers and ours do the testing, or we 
do it for you. Recommendations follow, 
based squarely on the results obtained. 

BUFLOVAK V.R.C. Evaporators offer 
many operating advantages in concen- 


An example of BUFLOVAK Notural Circulation Type 
Evaporator. This is a Quadruple Effect used to 
concentrate a food product. Automatically controlled. 


trating liquids which do not precipitate 
crystals during concentration. Particu- 
larly, heat-sensitive materials, foamy 
liquids, and products requiring sanitary 
operation. Other types of BUFLOVAK 
Evaporators are available also, to serve 
every industry where liquids must be 
concentrated. 

All BUFLOVAK equipment is designed, 
built, guaranteed and serviced by 
BUFLOVAK. Every manufacturing oper- 
ation is performed in our own shops. We're 
ready to help you with your processing 
problems, regardless of the nature of the 
product or the result desired. 


BUFLOVAK answer 


is based on lowest overall operating cost 


BUFLOVAK EQUIPMENT DIVISION 


OF BLAW-KNOX COMPANY 
1543 Fillmore Avenue, Buffalo 11, New York 
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for concentrating o citrus by-product. 

WHICH 


« ADSCO Heat Exchanger at National 
Aniline sub-cools aniline after it has 
been condensed and before it goes to 
storage. 


WH E & E A The ADSCO Heat Exchangers shown on this page are in- 


stalled in the Buffalo, N. Y., plant of the National Aniline 


q E AT Division of Allied Chemical & Dye Corporation. The manu- 
facturing processes of National Aniline require engineered 


zk XC HAN G E R equipment of the highest caliber. . . . ADSCO, in business 
M ‘, T since 1877, offers the chemical processing industry a complete 
U B E line of carefully-engineered heat exchangers built to custom- 
G 1 0 D ers’ specifications or to our recommended designs. Inquiries 
are cordially invited. 
ADSCO Heat Excha insulated 
line condenses organic acid vapor in Sennen 
tubes with water or brine in shell. , 
Exchanger equipped with shell ex- NorTH TONAWANDA, NEW YORK 


pansion joint. PLANTS 
NorRTH TONAWANDA, N. Y., AND RICHMOND, CALIF. 


EXPANSION 
JOINTS 


STRAINERS 
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Labyrinth Seal on 60°" x 32’ 0" Stainless 
Steel Plastics Dryer showing the Mirror- 
like Finish on the Shell and Flights. 


Special Steam Jacketed Batch Dryer 

showing Dustiess Discharge to Screw 

Conveyor and Condenser where Fines 
are Reclaimed from Vapors. 


60” x 32'0” stainless steel dryer with all interior 
surfaces polished to mirror finish prevents color 
contamination—and spoilage — between different 
batches of a well known plastic. 


@ This is probably one of the most costly direct heat rotary dryers 
ever built. Even the feed and discharge breechings and inspection 
doors are of stainless steel. Inlet air used for drying is filtered. Dis- 
charge air is passed through a stainless steel cyclone dust collector. 
Fabricated in our shops, this unit typifies Bartlett-Snow’s ability to 
design and build equipment for even the most exacting operating 
and service requirements. 


Klas 


“Builders of Equipment for People You Know” 
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VERTICAL 
PUMPS 


WITH 


NO SUBMERGED 
BEARINGS 


FOR PUMPING 


ABRASIVE 
CORROSIVE 
SLURRIES 


corporates these features 
tact with the liquid. 


our specialty for ninety- 
one yeors. Perhaps we 
can be of help to you. 
Write us — no obligation. 


LAWRENCE 
PUMPS S 
INC. ~ 


375 MARKET STREET, LAWRENCE, MASS. 


This rugged type of service calls for 
advanced design: — extra heavy shaft, 
double-ported casing to equalize the 
side thrust of the impeller, and tough 
abrasion-corrosion resistant alloys. The 
dual discharge pump illustrated here in- 


and dispenses 


with bearings or packing below the 
cover plate where they would be in con- 


Difficult pumping problems, particu- 
larly in the process industries, have been 
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LETTERS TO THE EDITOR 
(Continued from page 10) 


brain power. As a father, | could be a 
lot more outspoken having had the benefit 
of both the European and American edu- 
cation (Dipl. Ing. and M.S.). 

Jack M. Noy 
Langeloth, Pa. 


No Drought in lowa 
“Horn of Amalthaea,” page 20A in the 
January issue, speaks of the water problem. 
The need for collecting data on water re- 
sources is basic for further development 
of many industries. In contrast to New 
Jersey where sub-surface water is hot and 
scarce, here in Iowa the drillers have no 
difficulty in locating 400 gal./min. wells of 
53° F. water with the bench at 40 to 50 ft. 
Eight of these wells in this community sup- 
ply ample water of low hardness for resi- 
dence and industrial use. There are prob- 
ably many more areas where good water is 
plentiful at the present time. 
Ray H. Jepens 
Charles City, lowa 


More on Tappi 

I have read the letter by Mr. Koblins in 
the December, 1953, issue of Chemical 
Engineering Progress concerning the serv- 
ice by TAPPI to its members as compared 
to A.LCh.E. I, too, am a member of 
A.L.Ch.E. and TAPPI. Over the past 
twenty-five years in which I have been a 
member of TAPPI the growth has been 
indeed interesting during this period and 
prior to that. The books, methods, data 
sheets and other material which Mr. 
Kohlins cites as being distributed by 
TAPPI gratis have not been worked up 
over-night. They have been the practical 
outgrowth of numerous company member- 
ships (now some 400 at $200 each) ; the 
hard, consistent and guided committee work 
of professional men in the industry ; and the 
fact that the Pulp and Paper Industry is in 
itself a closely knit group. 

Mr. Kohlins has a very good point of 
view, and I hope that this whole subject 
will be reviewed—How can A.1.Ch.E. ren- 
der greater services to its members so that 
both the profession and industry will bene- 
fit ? 

Joun B. CaLKIN 
Foster D. Snell, Inc. 
215 West 15 Street 
New York 11, N. Y. 


EDITOR’S NOTE 


Last month we garbled our own words for a 
change. The Editor's explanation to the letter 
by Mr. Ademino should have stated that the 
figures for the earnings of the doctors, lawyers, 
and dentists were released by the Bureau of 
Labor Statistics and therefore have an ovra of 
authenticity. Bureau figures for the earnings of 
chemical engineers issued later were not far 
out of line with the survey reported in the 
August, 1952, C.E.P. 
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Those MARLEY fans 
- gure move a lot of air! 


...and they will 


... that’s because Marley 
multi-blade aluminum 
fans are engineered spe- 
cially for cooling tower 
application—specifically, 
for Marley cooling towers. The true air 
foil blade design, based on years of research 
and wind tunnel testing, was selected as the 
most efficient for the range in air velocities and pressures found in various 
types of cooling towers. The twist and taper of the wide, sturdy blade is 
designed to provide constant velocity from hub to tip. By using six to twelve 
blades, depending upon fan diameter, Marley fans operate more smoothly 
and quietly. 

Another reason Marley fans move a lot of air is that they operate in 
Marley Laminated Fan Cylinders, developed to complement the performance 
of this particular fan. Marley fans, air delivery cylinders and Geareducers 
are engineered as complete functional units, assuring the balance necessary 
to attain top fan efficiency. 


Durability and strength are important, too. These are achieved by utiliz- 
ing the newest casting techniques and an aluminum alloy selected for its 
castability, strength and corrosion resistance. Every dimension from shank 
to tip is more than ample for any operating load encountered. 

For further details write for Bulletin No. CF-54 or contact your nearest 
Marley representative in any of fifty major cities. 


The Marley Company 


Kansas City, Missouri 
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New DATA BOOK 
about ALL 

REPUBLIC. 

Pneumatic Transmitters 


Measuring: 
FLOW * PRESSURE 


LEVEL DENSITY 


REPUBLIC 
Pneumatic Transmitters 
have these FEATURES 


© ACCURACY to 1% and in many 
cases 4% of 1% of maximum 
range scale 

@ RANGE EASILY CHANGED, 
reversed, suppressed or com- 
pounded 

@ SENSITIVE because minimum 
movement is required for full 
scale change 

@ RUGGEDLY BUILT for long serv- 
ice life and overrange protection 

@ USES NO SEAL POTS, mercury 
or purge 

@ EXACT LEVELING NOT 
REQUIRED 

@ UNAFFECTED by vibratior., ambient 
temperature variations and changes 
in line pressure, air supply pressure = @ SEND FOR DATA BOOK 1004 TODAY—NO OBLIGATION 
and fluid density 


REPUBLIC FLOW METERS CO. 


2240 Diversey Parkway, Chicago 47, Illinois 
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FosTER WHEELER 


now “on stream’’ 
the FOSTER WHEELER 
Process for- 


synthesis 


¥ 


TEXACO PARTIAL OXIDATION The new non-catalytic oxidation proc- 


ess for the low-cost conversion of rocarbons (gaseous or 
liquid) into Carbon Monoxide and H ae This process, now 
in 


FOSTER WHEELER LIQUID NITROGEN WASH Design improvements in 
heat-exchange and liquid Nitrogen contact insuze high-purity 
Hydrogen for subsequent Ammonia synthesis. 

CASALE AMMONIA SYNTHESIS Featuring jet-recycling of unconverted 
feed, Casale, with over 40 plants operating throughout the world, 
is the lowest-cost synthesis process for the production of liquid 
anhydrous Ammonia. 

Twe Ammonia producing plants recently placed ‘on stream” and 
four more are in various stages of design and construction. These 
six plants have a rated capacity of 1000 Tons per day. 


Bulletin 0-54-1 
FOSTER WHEELER CORPORATION 


165 BROADWAY, NEW YORK 6, NEW YORK 
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Because there is no seal, trouble just doesn’t have a chance to start 
in a Chempump. There are no mechanical seals to fail. No stuffing 
boxes to pack or adjust. No lubrication required. The combined 
rotor and impeller assembly is the only moving part and it can be 
replaced quickly and easily .. . without breaking piping connections. 


You'll have no fluid losses from a Chempump either. Toxic, 
hazardous or valuable fluids can’t escape. Besides protecting your 
plant and personnel, the enclosed design protects the fluid from 
external contamination ...an important consideration for vac- 
uum applications with flooded suction. 


The Chempump is available in 14, %4, 1, 2, and 3 horsepower 


, sizes... open or enclosed impeller. Standard materials are cast 
iron, 300-series stainless steel or Monel. Special materials available 


on request. 


The information and performance data, clip the coupon 
copt in guinp 

completaty ellmiates cil 
source of aboot 90% of pump. 
foubles whenever 


other hoxerdous fiquids 
being hosdied. The Chempump 
is totofly enclosed ., moter 
end The fluid being 
c#ovietes freely through 
rater chamber of the 
The stetor and Ws windings 
are holeted from the 
cylinder 
od lt he ob Tha 
ty 
sere UL 


CHEMPUMP CORPORATION « 1300 E. Mermaid Lone + Phila, 18, Pa. 

|. Please send complete Chempump performarce data. | 

*Chempump is the result of experience | | 

gained from over 15,000 field l Name Title tee | 

. installations on seal-less pumps. | | 
& Company | 


’t start troubl 
Solvents can’t start trouble 
) has no seal! 
. 
CHEMPUMP CORPORATION 1300 E. Mermaid Lane Phila. 18, Pa. 
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VANTON Buna N and Natural 
Hard Rubber Pumps, Valves, 
Pipe and Fittings . . « 


Centrifugal pumps 


Pipe and fittings 


handle a variety of tough corrosives with- 
out danger of rust or contamination. The 
new Buna N line resists most inorganic 
acids, alkalies, salts and fumes, as well as 
many organic chemicals . . . at temperatures 
up to 225°F. 


Buna WN and Natural Hard Rubber 


Centrifugal pumps with open or closed 
impellers ranging in capacity from 20-130 
gpm, head to 100 feet, suction 2” and dis- 
charge 1%". 


Buna WN and Natural Hard Rubber 


Globe, angle and Y valves with metal 
reinforced stems and discs, and readily 
renewable seating surfaces of soft rubber. 
Float valves, foot valves, strainers and 
check valves. Sizes range to 4”. 


Buna N and Natural Hard Rubber 


Pipe & fittings —plain or threaded. Tees, 
ells, couplings, crosses, bushings, flanges, 
unions, cocks, plugs, and caps. Full flow 
capacity and high strength. Working 
pressures of 50 psi. 


Bulletin HR tells the full story. Write today 
for free copy. 


VANTON corrosion resistant products for 
fluid handling include flex-i-liner plastic 
pumps, polyethylene valves and PVC 
pipe and fittings. Bulletins on request. 


VANTON 


PUMP & EQUIPMENT CORP. 
EMPIRE STATE BUILDING +» NEW YORK 1, N.Y. 
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Science a Factor in Our 
Spiritual Life 


It seems to me that we often under- 
estimate the true social and cultural 
values of industrial science and technol- 
ogy. We speak as if our modern pro- 
gress in engineering had merely given 
us new tools and physical comforts. But 
the civilizing influences, even the spir- 
itual powers of our people, have been 
strengthened and broadened as a result 
of our progress in applications of 
science. . 

It is surely no mere coincidence that 
the period of growth of our school sys- 
tem and the growth of all our colleges 
and universities is precisely the period 
of our greatest gains in industrializa- 
tion. Our hope of a general school sys- 
tem was not possible until we had me- 
chanical power to replace hand power. 
Until then the young people could not 
be released from daily work on farms 
and in mills to attend school. Today 
we have some 34 million young people 
in our schools, easily ten times the num- 
ber that we had fifty years ago. Our 
colleges and universities have ten times 
the total population they had in 1900. 
This is a cultural value added to our 
common weal because we have acquired 
new tools, new methods, new economic 
organizations, and a new national econ- 
omy. All of these, to a considerable 
part, are derived from the improvement 
in our knowledge and use of technology. 

. . « Industry should pay for its addi- 
tional scientific and engineering brains 
just as it now pays for its other facilities 
for doing business. Industrial leaders 
must learn to understand that contribu- 
tions in support of engineering and 
scientific education should be a direct 
charge against the business, not a char- 
itable gift. 

Horace P. Liversidge 
Address to A.S.E.E. 


Authors, Be Brief 


When it comes to authors the editors 
realize that they are dealing with a very 
personal matter in suggesting condensa- 
tion of a paper over which much time 
and thought have been expended. To 
anyone who has gone through the hard 
work of writing an article, the sugges- 
tion of another person that it might be 
just as good, or even better, if consider- 


(Continued on page 26) 
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Treated water used to cool transformers, busbars, bushings, and 
bushing terminals in the Gustin-Bacon Manufacturing Company’s 
plant at Kansas City must be kept free of all foreign matter to 
insure uninterrupted around-the-clock operation. 

Since the installation of these giant bronze fitted ELS Liquid 
Filters in the circulating cooling water system, down time due to 
cooling tube and orifice stoppage has been eliminated. 


Company's Kansas Plant 


THE 


No matter what your product may be, it can be dried 
or otherwise processed at a lower cost per pound or 
other unit, in one or more of the various types of 
“NATIONAL” equipment. 


High-speed production; maximum effective use of the 
drying medium under finely adjusted control; adapt- 
ability to existing plant conditions and future expan- 
sion; and the assurance of long, trouble-free operation 
are among the important reasons why “NATIONAL” 
machines are being erected in more and more chemi- 
cal plants throughout the United States and in other 
countries. 


NEW “PA” CONSTRUCTION: 


The result of a radically new approach to simplified 
Dryer construction, “P-4" Construction provides a 
precision-built, prefabricated structure, with trussed- 
and-tensioned insulated panels. It assures a more 
rigid, durable machine, with installation time in your 
plant reduced as much as 50%, 


“ADD-A-UNIT” DESIGN 


This unique accomplishment of “NATIONAL” engi- 
neering provides alternatives which are both practical 
and economical— (1) simplification of the initial in- 
stallation based on present requirements; (2) maxi- 
mum adaptability to step-by-step future expansion, 


OTHER SPECIAL FEATURES 


Patented Super-Power Fans, made in our own shops 
to specifications developed through years of industrial 
drying experience, 


Patented Indexing Orifices, Turning Vanes and other 
devices and arrangements assure unequalled versatil- 
ity and precision in air distribution and control. 


The heat source may be steam, gas, oil or other 
medium. “NATIONAL’S” special gas firing systems. 
Factory Mutual approved, provide controlled uni- 
formity of high temperatures; absolute safety; and 
lower maintenance costs, 


Illustrated above are typical “NATIONAL” Dryers for 
the Chemical Industry. From top to bottom: Cross-circu- 
lation type Truck Dryer; large multiple-unit Tunnel 
Dryer; single-apron Conveyor Dryer; large multiple-unit 
Tunnel Conveyor Dryer. 


When you have a new product which presents a dry- 

ing problem, or if you want to improve your present 

drying processes, call “NATIONAL” Engineers for YING M CHINERY CO 

consultation. It is your surest way to improved pro- R A 7 

duction and lower over-all costs. > LEIGH AVENUE and HANCOCK STREET 
PHILADELPHIA 33, PENNA. 
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Super-Efficient 
Kinney-Swirl 
Oil Separator 


TOP 


High Pumping 
Speed 
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PUMPING | 


It’s Kinney Model VSM 556 . . . 13 cubic feet of free Pe en ne an 


air displacement. Model VSM 556 is now serving in KINNEY MFG. Division 
THE NEW YORK AIR BRAKE COMPANY 
many of the nation’s foremost vacuum processing sys- N 
3546 WASHINGTON STREET * BOSTON 30 * MASS. 
tems. Look at its outstanding features — and at its 
Please send Bulletin V-51B describing the 


high pumping speed. Check your own vaccum require- complete line of Kinney Vacuum Pumps. 


ments . . . and then come to Kinney for the most pa your vacuum engineer call a? 
our plant. 


vacuum pump for your money. Send coupon for 
complete details. 
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HAMER Plug Valves 


Standard dimen- 
sions... easy to 
substitute in exist- 
ing installations. 
There's a HAMER 
non-stick Plug 
Valve for any re- 
quirement. 


LINE BLIND VALVES 


Don't guess—With the Hamer Line Blind Valves 
you know instantly at a glance which lines 

are open and which are shut. If the open end of 
the spectacle plate is up, the line has a 
permanent, positive shut-off ...blank end up 
indicates a round, full open line. And Hamer 
Line Blind Spectacle Plates are easily visible 
from a distance ...no need for individual valve 
checking. An enclosed plate slot on the 
Hamer Valve eliminates product waste while 
spectacle plate is being reversed—stops 

mess, reduces fire hazard. 


Send for free catalog. 


HAM ER OIL TOOL COMPANY 


2919 Gardenia Avenue 
long Beach 6, California 
Renrasentatives throughout the United Stctes 
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ably condensed, has all the ear- 
marks of infanticide. Yet once an 

article has been condensed, either 

by the author or by someone else, 
the result is frequently an improve- 
ment. When condensation of articles 
is approached in the spirit of ren- 
dering a service to the reader and 
for the purpose of promoting more and 
a greater variety of material in sub- 
stantially the same number of pages, 
arguments in favor of it prevail. And 
for the satisfaction of the author it may 
be said that length tends to make read- 
ers put off reading what, in briefer 
space, may be of great interest and 
value to them. Since the objective of 
writing something is to have it read, 
authors should welcome whatever leads 
to that end. 


George Stetson, Editorial in Mechanical Engi- 
neering announcing A.S.M.E. decision to shorten ‘ 
authors’ papers. 


Living Freedom's Way 

The fundamental, on our side, is the 
richness—spiritual, intellectual and ma- 
terial—that freedom can produce and 
the irresistible attraction it then sets up. 
That is why we do not plan ourselves 
to shackle freedom to preserve freedom. 
We intend that our conduct and example 
shall continue, as in the past, to show 
all men hew good can be the fruits of 
freedom. 


John Foster Dulles 
Evolution of Foreign Policy 


Pursuit of Truth 


The history of education shows that the 
crucial point in the management of uni- 
versities is not who has the legal control 

The crucial point in the manage- 
ment of universities is how the legal con- 
trol is exercised . . . . One gets from 
some of the statesmen of the day the. . . 
impression, that under the influence of 
the Cold War they have concluded that 
a country is not safe unless it is united, 
which is true, and then that a country 
cannot be united unless everybody in 
it agrees with everybody else about . 
everything, which is false . . . . That 
civilization of which a true university is 
a paradigm is one that is based on the 
premise that the truth is arrived at by dis- ° 
cussion, Discussion iraplies that there is 
more than one point of view. The notion 
that the truth is arrived at by discussion 
is peculiarly applicable to practical, politi- 
cal, economic matters. A _ civilization in 
which the opinion of the majority is taken 
on such matters and must then be adopted 
by all is one that is doomed to stagnation. 
It ignores the fact that the most precious 


(Continued on page 29) 
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Ice making, air conditioning and countless other cooling oper- 
ations depend upon the economy and efficiency of chlorine- 
made refrigerants. 

Uniformly high quality GLC GRAPHITE ANODES play an 
equally important part in helping the electrolytic industry 
meet the growing civilian and defense needs for chlorine and 
caustic soda. 


ELECTRODE DIVISION 


Graphite Electrodes, Anodes, Molds and Specialties 


Sales office: Niagara Falls,N.Y. Other offices: New York, N. Y., Oak Park, Ill., Pittsburgh, Pa. 
Sales Agents: J. B. Hayes, Birmingham, Ala.; George O'Hara, Long Beach, Cal.; Great Northern Carbon & Chemical Co., Ltd., Montreal, Canada 
Overseas Carbon & Coke Company, Inc., Geneva, Switzerland; Great Eastern Carbon & Chemical Co., Inc., Chiyoda-Ku, Tokyo 
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Great Lakes Corporation 
Niagara Falls, N.Y. Morganton, N. C. 
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Each Eimco filter for the special process industries receives 
individual attention in engineering (above) and inspection 
(below). 


Your Eimco filter is a product of skill and ingenuity 
wrought from more than half a century of service to the 
process industries. 

As a matter of fact, think about it — you wouldn't 
want it any other way. When you've worked out a Skilled mechanics with a field knowledge of filtration prob- 
process that requires the culture or slurry to be handled lome machine ond escsomble your specialized Eimco filter. 
just_so to produce your laboratory results, you can’t 
Fac. afford to recommend anything but the finest equipment 

of all the way through the plant. 

Your finest product in pressure or vacuum Filtration 
is an Eimco. 

Costs — look beyond first cost — to the savings in 
higher recovery of values, greater clarity of filtrate, 

3 longer trouble free life in the equipment and in the case 
} of the unit shown above, an Eimco precoating unit, about 


double the life of one precoat. 
Write for information on the finest filters available oun to ons 
anywhere to The Eimco Corp., P. O. Box 300, Salt Lake installation 


City 10, Utah. 


THE EIMCO CORPORATION | 


lobe City US 
Otte = 52 South New ¥ City 
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possession of any society is the 
thought of the minority, even a 
minority of one. The rule of the 
majority without discussion and 
criticism is tyranny ‘ 
Rosert M. Hutcuins 
In “The University of Utopia” 


The Battle Between 
Creativity and Taxes 

Our company put out an issue of 
debentures to the tune of $100,000,000— 
which is not small change in anyone’s 
language. As we took delivery of the 
proceeds I was reminded of a note 
Herbert Dow had written to one of his 
early backers in 1891, in which he 
acknowledged receipt of a draft for $75. 
“I think,” wrote Dow, “that will give 
us enough funds to last for quite a 
while.” 

It would be interesting to speculate 
as to which investment was proportion- 
ately the most significant—the $75 in 
1891 or the $100,000,000 in 1952, which 
we also hope will “last for quite a 
while.” Very possibly it would be the 
$75. 

One point, at least, is in distinct con- 
trast. Herbert Dow’s prospect of a re- 
turn on that $75 was limited only by the 
effectiveness with which he could put it 
to work. Today, however effectively 
we may be able to utilize the $100,000,- 
000, we are assured in advance that well 
more than half of the earnings from it 
will be taken away in taxes. Perhaps 
this stimulates us to be extra skillful 
in order that we have anything worth 
mentioning left after taxes. But what 
happens when we doubt our ability to 
realize a worthwhile return—when the 
reward for creativeness becomes so 
sinall that we find it more attractive 
to be ordinary? 

Already we have had the experience 
of discarding plans for one $10,000,000 
plant, for a product with which we are 
most familiar, because the potential rate 
of return after taxes did not justify the 
competitive gamble. 

The Dow Chemical Co. 


The Editorial “‘We” 


I do not know how the editorial “we” 
originated, but | think it must first have 
been employed in an effort to express a 
corporate or institutional opinion and 
that in no time at all the individual 
charged with formulating this opinion 
forgot all about his basic responsibility 
and got talking about himself and ped- 
dling his personal prejudices, retaining 
the “we” and thus giving the impres- 
sion that the stuff was written by a 
set of identical twins or the members of 
a tumbling act. E. B. White 


“The Second Tree from the Corner’ 
Harper & Brothers 


‘MADE 


TEFLON 


@ Chemiseal TerLon-Jackéted Gaskets 
with various types of fillers for 
stainless steel, glass-lincd stee! and 
conical-flanged glass pipe. Avail- 
able for all standard size pipe 
flanges. Seal at low bolt loads. 


Chemisea!l molded Teron Snap-on 
Gaskets match contour of conical- 
end glass pipe, assure perfect auto- 
matic centering of joints and free 
flow of materials, For all standard 
pipe sizes from { in. to 6 in. 


Chemiseal Terron-Jacketed 
Adaptors provide a tight, safe seal 
between conical-end giass pipe, glass- 
coated stcel or similar nozzles of 
large inside radii and vessels of 
glass-lined steel, porcelain, Haveg, 
etc. Easy to handle, single units, 
combining a steel bearing ring for 
rigidity and a resilient core for per- 
fect seal, contained in a chemically 
inert TzrLon Jacket. 


Ask for Bulletin TG-953. 


UNITED 
STATES 
GASKET 
COMPANY 


CAMDEN NEW JERSEY 
FABRICATORS OF duPont TEFLON. 
Kellogg KEL-F AND OTHER PLASTICS 


Representatives in Principel 
Cities Throwghout the World 
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LIGHT PHASE 
CONTINUOUSLY 
DISCHARGED 


oF 


The tremendous separating force of 13,200 
times the force of gravity opens to you an 
entirely new set of standards for the con- 
tinuous clarification of liquids containing 
solids, or the separation of two immis- 
cible liquids. 


Such widely varied ucts as amyl 
acetate, sulphuric acid, apple juice, vac- 
cines, light naphtha, beet broth, vegetable, 
citrus and fish oils, chloroform, pigmented 
lacquers, and water soluble waxes are 
among the hundreds of materials being 
handled daily in Sharples Super-Centri- 
fuges around the world. 


The Sharples Super-Centrifuge, which 
develops the highest centrifugal force 
commercially available, is a tubular bowl 


why be 
satisfied 
with 


HEAVY PHASE 


CONTINUOUSLY 
\ | DISCHARGED 


centrifuge with full flow-stream desi 
which assures continuous maximum effi- 
ciency and throughput. Removal of solids 
is easy and quick—a matter of only a 
few minutes. 
Take advantage of the significant extra 
rformance inherent in the Sharples 
uper-Centrifuge. We will gladly discuss 
your needs with you. Bulletin 1248 will be 
sent upon request. 
2300 WESTMORELAND STREET : 
PHILADELPHIA 40, PA. 
NEW YORK + PITTSBURGH + CLEVELAND « DETROIT + CHICAGO + NEW 


THE SHARPLES CORPORATION 
ORLEANS + SEATTLE + LOS ANGELES + SAN FRANCISCO + HOUSTON 
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consider: 


Corrosion Resistance and Analyses 


As chromium and nickel provide 
corrosion resistance in stainless steel, 
it follows that 18-8, 18-8 Cb, 18-8 
ELC and 18-8 Ti, having similar 
chromium and nickel content, 
should have the same corrosion re- 
sistance. Exposure in certain types 
of service, however, may prove 
otherwise. 


If tubing of these materials is field 
welded without subsequent heat 
treatment, or operated intermittently 


at high temperatures, there will be a 
difference in corrosion resistance. 
The 18-8 grade may lose its corro- 
sion resistant properties while the 
other three grades maintain theirs. 
This is because of slight differences 
in chemistry—S5 parts in 10,000 in 
carbon content or the addition of 5 
to 7 parts in 1,000 of columbium or 
titanium. Thus, your particular end 
use service condition, in addition to 
the basic cost of materials, should 
dictate which grade to use. 


THE BABCOCK & WILCOX COMPANY 
TUBULAR PRODUCTS DIVISION 
Beaver Falls, Po. — Seamiess Tubing; Weided Sta/sless Stee! Tubing 
Allience, Ohio— Welded Carbon Stee! Tubing 
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For virtually any application—pres- 
sure or mechanical—B&W can pro- 
vide either seamless or welded stain- 
less tubing in any number of grades, 
in a broad size range. Help in ob- 
taining the best stainless tubing for 
your applications is available through 
B&W Regional Sales Offices and a 
nationwide network of experienced 
tubing distributors. Mr. Tubes— 
your link to B&W—will be pleased 
to furnish detailed answers to your 
stainless tubing problems. 


TA-1812(88P) 
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Another Chemical Pumping Job—handled by ALDRICH 


This scene is the plant of a leading 
manufacturer of explosives, where 
the Aldrich Triplex Pump pictured 
in the foreground pumps nitric 
acid at the rate of 185 Ibs. per 
minute against 400 psi maximum 
pressure. 

It's one of many jobs Aldrich Pumps 
are called upon to do in the chemical 
industries. These versatile pumps are 
ideal wherever applications involve 
corrosion, abrasive materials, high 
viscosity or high pressure. In addi- 
tion to nitric acid, among the many 


liquids handled by Aldrich Pumps 
are caustic solutions, fatty acids, acetic 
acid, aqua ammonia, anhydrous am- 
monia, as well as liquids encountered 
in the petroleum refining, petroleum 
chemical and other industries. 
Several types of Aldrich Pumps are 
available to meet your specific needs. 
For automatically controlled delivery 
Aldrich-Groff ‘‘POWR-SAVR”’ 
Pumps can handle any free-flowing 
liquid at discharge pressures from 
300 to 15,000 psi and are available 
in six sizes—from 2” to 6" stroke and 


from 5 to 125 bhp. (For information, 
write for Data Sheet 65.) For medium 
to high pressure service you may need 
one of the many Aldrich Constant 
Stroke Pumps-—the Direct Flow Tri- 
plex or Multiplex Pump (Data Sheets 
64, 64A, 64B). 

Take advantage of our broad ex- 
perience in building pumps for the 
chemical industry and let us make 
specific recommendations to meet 
your chemical needs. No matter what 
your problem, we welcome your in- 
quiries or requests for literature. 


The Aldrich Pump Company 


20 GORDON STREET 


ALLENTOWN, 


PENNSYLVANIA 


Representatives in Principal Cities 
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This carbon monoxide plant, designed and built by Girdler 

jor Robm & Haas at Houston, Texas bas helped them reduce 
the price of acrylics for Plexiglas 12%. Low temperature 
separation unit designed by L'Air Liquide Society, Montreal, 


Another process plant GIRDLER DESIGNS processes and plants 
GIRDLER BUILDS processing plants 


designed and built by Girdler GIRDLER MANUFACTURES processing opporatus 


‘ Chemical Processing Plants Sulphur Plonts 
project progresses swiftly and surely. All work . . . design, iydrogen Production Plants Acetylene Plants 
Hydrogen Cyanide Plants Ammonia Plants 
Synthesis Gas Plants Ammonium Nitrate Plants 
plete service and centralized responsibility. The Rohm & Haas  Cerbon Dioxide Plonts Hydrogen Chloride Plonts 


; Gas Purification Plants Catalysts and Activated 
carbon monoxide plant shown above is an example. Why not take _ pistics Meteriols Plonts "Gsaen 2 


yan PROCESS DESIGN to completed plant, on stream, a Girdler GAS PROCESSES DIVISION: 


engineering and construction . . . is coordinated by Girdler’s com- 


advantage of Girdler’s know-how in the process plant field for your 


expansion or modernization. When you start to plan, call Girdler CONTINUOUS PROCESSING APPARATUS FoR... 


...to assure profitable results. Chemicals Resins Lord 
Textile Size Strained Food Shortening 


Shaving Cream Salad Dressing Bakery Ingredients 


lubricating Grease Soup Confectioneries 
“the GI RDI ER Comp Poraffin Wox Margarine Citrus Concentrates 
4 Paper Coating And other Products 


A DIVISION OF NATIONAL CYLINDER GAS COMPANY 
Louisville 1, Kentucky THERMEX DIVISION: HiGh Frequency DIELECTRIC 


HEATING EQUIPMENT APPLIED TO... 
GAS PROCESSES DIVISION: New York, Tulsa, Son Francisco 
In Canoda: Girdler Corporation of Canada Limited, Toronto Foundry Core Boking Rubber Drying and Curing 


VOTATOR DIVISION: New York, Atlonta, Chicago, San Francisco Wood Bonding Plastic Preform Preheating 
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23 NQ. deliveries available on glassed steel reacto 


New manufacturing concept reduces need for custom design 


In the past, you may have ex- 
perienced months of delay while 
processing equipment was being 
custom designed and built. 

But today, Pfaudler is able to 
fill 1 out of every 3 vessel orders 
coming into our office with stand- 
ard glassed steel reactors. And 
we make delivery “‘off the shelf!” 

We can do this because many 
former “‘custom”’ features are now 
included in our basic design—and 
standardized production gives us 
a valuable head start in filling 
your order. That’s why our de- 
livery schedule is about 10 days 
after receipt of your order! 


3 


You save the cost of custom de- 
sign and engineering, and you 
gain by being able to put the 
equipment right to work, without 
a long waiting period. 

Here’s another advantage— 
you provide future savings on re- 
placement needs, expansion or 
change of process, because stand- 
ardized manufacture means parts 
are easily interchangeable. 


Corrosion resistance plus strength 


In Pfaudler glassed steel reactors, 
valves, pipe and columns, you 
have the best known solution for 
a wide range of corrosion prob- 
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THE PFAUDLER CO, 


DOTTED LINE TO 


ROCHESTER 3, N.Y. 


These standard Pfaudler glassed 
steel reactors were on their way to 
Bristol Laboratories, Inc., 5 days 
after receipt of the order at the 
Rochester plant! 


rs like these! 


lems. You eliminate product con- 
tamination and replacement of 
equipment due to corrosion be- 
cause the glassed steel resists 
attack by all acids (except 
hydrofluoric). 

Even sticky products are less 
likely to build up on the smooth 
surface of glass! 

Fused permanently together, 
steel and glass give you the opti- 
mum benefits of both—the cor- 
rosion resistance of glass plus the 
strength of steel. 

Solve your problem 
If you process corrosives, Pfaud- 
ler’s new standardized manufac- 
ture may help you solve a problem, 
quickly and at low cost. Write 
today for data, prices and delivery 
information! 


TRANSPORT LINE! 
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Opinion and comment 


TEAM WORK IN THE TRAINING OF YOUNG MEN 


An industrial concern that is trying to perpetuate it- 
self must have some systematic and effective method 


for solidly ancorporating young men into its.structure. . 


Too often the methods employed are haphazard and 
spasmodic, or, if not, they overemphasize the a 
aspects of the business and fail to recognize the vital 
importance of the relationships involved. 

It may seem unnecessary to state the reasons for intro- 
ducing young men into an organization, but some of 
them apparently are frequently lost or forgotten. The 
most frequent reason given is for the replacement of 
those who have dropped out because of death, retire 
ment, or other cause of separation from the company. 
Next to that comes provision for an expanding business 
with its corresponding need for more people. However 
an equally important reason is to maintain a proper 
balance in the age groups so that the average level 
corresponds to one of vigorous and creative energy 
supported by balanced judgment. 

Young men have the favorable characteristics of being 
energetic, optimistic, enthusiastic, ambitious, flexible 
in their ideas, and last, more durable than older men. 
On the other hand they are likely to exhibit the un 
favorable characteristics of being unseasoned, unde 
veloped in their judgment, rash, inexperienced, 
undiplomatic, shortsighted, and weak in team spirit. 

The real problem in training, then, is to utilize the 
favorable characteristics without suffering undue dis 
advantage from the unfavorable ones while these are 
being diminished or eliminated by a process of educa 
tion and increasing maturity. 

Most training programs have given reasonably ade 
quate attention to the process of familiarizing the 
trainee with those physical aspects of the business which 
it is necessary for ia to know. However an adequate 
program brings into focus, people and their methods 
of doing things in a manner which is beneficial both 
to the teacher and the student. 

The great difhculty experienced by people in an 
organization, and perhaps people more or less uni- 
versally, is to separate emotional approaches from 
reasonable approaches, or at least to use emotional 
language sparingly and only where experience teaches 
that it will support the main objective. 

It must not be supposed that every seasoned executive 
has reached that point of balance where he relies almost 
exclusively upon the reasonable approach. That there 
are still a large number of ‘give ‘em hell’ executives 
carrying on in the same old way as their predecessors 
is well known. Hence, we can hardly expect that any 
clear-cut rules of personal interchange within the or 
ganization can be appiied without some confusion to 
the novice except in the most fortunate companies. 
Nevertheless, the techniques are present in every 
successful organization, al can be observed and unde 
stood by the beginner with the proper guidance. 

Many people seem to believe that team spirit is 
something that is generated by emotional interchange 
and arm waving. They forget or do not know that a 
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team is created by two factors: first, every individual 
must believe that he is contributing an essential part 
to the team objective; and, second, every individual 
must be thoroughly convinced that the unified team 
effort is far more effective than any independent effort 
of his own. The emotional touch is only the final bit 
of inspiration to the wained team which permits it to 
put outstanding effort into a part which it already 
knows how to play smoothly and well. 

It is a grave mistake to make an individual feel that 
he is unessential, or to try to substitute emotional unity 
for unity based on coordinated eflort. 

A waining program which incorporates these prin 
ciples benefits not only the individual but also the 
entire organization, It is impossible to teach something 
that you do not know and understand yourself, and 
there are very few who could not profit by a more 
consistent application of the antes approach and 
the development of team unity. 

R. P. Dinsmore 


THE GULF’S PROGRESS 


Once again the Texas-Louisiana gull coast region 
forges ahead as a vigorously growing area of chemi 
cal manufacture. This news is welcome, as not much 
has been heard lately from this region. We have been 
impressed by the Frankfort, Kentucky, development 
More recently Tuscola, Illinois, has literally typhooned 
into top place with its promise of bountcous alcohol, 
etc. Throughout all of this the traditional magnetism 
of the Far North has kept Canada in our minds as a 
chemicals producing regicn of great promise. 

Now we are greatly relieved to learn that the South 
west is once again on the move—chemically. Word has 
been received that the Gulf Oil Corporation is starting 
on the world’s largest ethylene facility—destined to in 
crease the total U.S. production by 10 per cent! 

Ethylene is not, of course, an end-product. Every 
pound of this additional 3,000,000,000 cubic feet a 
year rated capacity will go into the manufacture of 
other products—polyethylene, ethylene oxide, polygly 
cols, styrene, ethyl chloride, and so on. Doubtless this 
much added capacity will call for several other new 
plants, which will require new equipment and will 
mean new jobs for chemical engineers. 

An existing pipeline (over 130 miles long), already 
used to transport ethylene in the region between 
Orange and ‘Texas City, will carry the increased volume 
Plants using the ethylene we presume will be located 
within its service range. 

This venture of Gulls is especially significant in 
these days of talk about impending business recession 
It reveals a firm belief on the part of a major corpora 
tion in the stability of future markets. Furthermore 
it emphasizes the continual growth of the petrochemical 
segment of the chemical industry. 

Chemical Engineering Progress salutes this new 
venture as another advance in the chemical process 
industries. M. 
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Louisville Cooler does 
satisfactory job at low 

cost for nationally known 
chemical manufacturer... 


ae 


Vite 
Louisville Surface Cooler has rotary 
shell and external water sprays 


-KNOWTHE 


RESULTS 
before you buy! ~+- cooling lumpy calcined material from 1800° Fahr. to 150° Fahr. 
ee for further processing. Gentle mechanical handling required to 
minimize decrepitation. 
Each Louisville cooler is “‘job-fitted”’ to your special problem—to 
make your cooling operations effective—to assure dependability 
of performance that will make the cooler operation pay. 
OE Rees ag, Call in a Louisville engineer for a complete cooling survey. Based 
on his experience he will recommend one of the three standard 
— Louisville types, a modification, or an entirely new design. The 
S types of Louisville performance will be pre-determined. You'll know the results before 
Coolers you buy ... and the results must be better! Write for complete 


e Surface Cooler information today. 
e Water Tube Cooler 


Louisville Drying Machinery Unit 


. 
e Atmospheric Cooler , a Over 50 years of creative drying engineering 


DIVISION 


GENERAL AMERICAN TRANSPORTATION 


CORPORATION 
Dryer Sales Office: 139 So. Fourth Street 
Louisville 2, Kentucky 
General Offices: 135 South La Salle Street, Chicago 90, Illinois 
Offices in all principal cities 


In Canada: Canadian Locomotive Company, Ltd. 
Kingston, Ontario 


Other General American Equipment: 
Turbo-Mixers, Evaporators, 
Dryers, Dewaterers, Towers, 
Tanks, Filters, Pressure Vessels 
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ecovery Phenolics 


from waste effluents 


A’ unusual and unprecedented inves- 
tigation is currently in progress on 
the Ohio River and its tributaries for the 
explicit purpose of increasing the under- 
standing of the behavior of phenolic 
wastes when discharged into receiving 
bodies of water. In a cooperative effort 
being conducted by seven major steel 
companies under the guidance of the 
Steel Industry Action Committee, a far- 
reaching study is being made to deter- 
mine as accurately as possible what the 
die-away rate of phenolics in these 
streams really is. 

Such intense interest in the problem 
of disposal of phenolic wastes in this 
region, however, is not of recent origin. 
Rather this is just another in a long 
history of improvements and develop- 
ments toward the objective of abatement 
of this source of pollution of the many 
public water supply systems dependent 
upon the Ohio River and its tributaries. 
Progress is tangibly attested to by avail- 
able publications on the subject (7). 

The vast scope of the present survey 
may be appreciated when it is realized 
that it will be conducted on the stretch 
of the Monongahela River between 
Fairmont and Pittsburgh and on the 
Ohio River between Pittsburgh and 


Carbide and Carbon Chemicals Comp 


Wheeling. Seven steel companies are 
planning to run repeated traverses 
across both these streams above and be- 
low their plants. When the data are 
compiled, they will be correlated and 
examined to determine the rise and fall 
of concentration of all phenolics dis- 
charged to these streams. 

In addition, as part of the work being 
done under the American Iron and Steel 
Institute Fellowship at Mellon Institute, 
directed by R. D. Hoak, the origin of 
taste- and odor-producing substances 
from natural sources is being thoroughly 
investigated. It has already been dis- 
closed that phenolic substances are pro- 
duced not only by industrial activity but 
also by the mere presence of human 
beings and both wild and domestic ani- 
mals, and large quantities are produced 
by the natural decay of vegetable matter. 

With such a background of interest 
regarding the undesirability of dis- 
charging pollution of any kind to the 
Kanawha River, a tributary of the Ohio, 
and particularly regarding discharge of 
taste- and odor-producing substances, the 
need for control and abatement facilities 
was recognized early in the process-de- 
sign phase of Carbide’s coal-hydrogena- 
tion installation planned for the plant at 
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R. G. Edmonds is associated with Mathieson 
Chemical Corp. as project director in the engi- 
neering and development division. Mr. Edmonds 
was graduated from Massachusetts Institute of 
Technology with B.S. and M.S. degrees in 
chemical engineering. With Corbide and Car- 
bon Chemicals Co., his activities have included 
nine yeors in design engineering, assorted engi- 
neering research work on the Manhattan Project, 
and eight years of engineering and develop- 
ment concerned with raw-material utilization. 
This work has led to the installation of Carbide’s 
coal-hydrogenation pilot plant. For this project 
he was in charge of process design. 


Chemical Engineering Progress 


Radcliffe G. Edmonds and George F. Jenkins 


y, South Charleston, West Virginio 


Institute, W. Va. (2). Early in 1950 
the first preliminary plans were drafted. 
During the subsequent two years inten- 
sive engineering and laboratory work 
was concentrated on this aspect as well 
as on the over-all design. The waste- 
disposal facilities and the phenol-extrac- 
tion system were given equal attention 
and priority with even the most difficult 
and unusual portions of the basic hydro- 
genation operation. Thus, when full- 
scale operations began early in 1952, the 
equipment for water-pollution abatement 
also was ready to function and, follow- 
ing a short period attended by the usual 
start-up problems and difficulties, soon 
reached a normal and uniform degree 
of efficient operation, 

During the first year of operation 
nominal attention was devoted to the 
pollution-abatement equipment in view 
of the fact that full operating and engi- 
neering interest was required to achieve 
desirable operation of the main plant. 
In January of 1953 however perform- 
ance of the phenol-extraction equipment 
came under intense scrutiny, and exten- 
sive investigation and test work was 
performed on that apparatus during a 
greater part of the year. The interest- 
ing data which evolved substantiate that 


With Carbide and Carbon Chemicals Co. since 
1933, George F. Jenkins is now a project leoder 
in the engineering department. He received 
his professional degree of chemical engineering 
at Columbia University in 1932. While in Texas 
during the initial installation and start-up of the 
Carbide plant there in 1941 ond 1942, he par- 
ticipated in ESMWT progrom with Texas A. & M. 
college in teaching chemical engineering. 

In 1944 he was assigned to the Monhotton Dis- 
trict in New York and New Jersey and is still con- 
sultant for several projects at Oak Ridge, Tenn. 
Since 1948 he has devoted considerable time to 
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the design and performance of this 
equipment meet expectations. As must 
be expected, unknowns have also ap- 
peared, some of which have been solved 
and others still await solution. How- 
ever, this study will be continued, and it 
is not improbable that complete under- 
standing of the materials involved and 
methods of coping with them will be 
achieved. 

Not the least of the problems encount- 
ered in evaluation of the performance 
of the phenolic-extraction system, was 
the determination of the material bal- 
ances by analysis of the various com- 
ponent streams. The Gibbs test (3) has 
long been the criterion in such deter- 
minations. For certain phenolics, that 
method has a sensitivity of about 25 
parts/billion for a skilled technician. Dis- 
advantages are (a) two days required 
for each determination, (b) failure to 
detect all phenolic compounds, (c) a 
modified procedure necessary to detect 
concentrations below 25 parts/billion. 
The recently developed method de- 
scribed as the distilled 4-aminoaprti- 
pyrine method is much more rapid but 
lacks sensitivity below 100 parts/billion 
unless a modified procedure is employed 
to concentrate lower values above that 
limit. A sensitized technique of the 
D.A.A.P. method, presently under field 
testing by the many industries involved 
as well as by the U. S. Public Health 
Service, gives promise of improvement 
in speed and accuracy. In the present 
case, dealing for the greater part with 
higher concentrations, a rapid spectro- 
photometric method for determination 
of total phenols in the various streams 
was employed. This method is a slight 
modification of that described by M. J. 
Murray (4). As will be shown later, 
even the revised procedure has certain 
limitations which if recognized at the 
outset will yield sufficiently accurate and 
reproducible results, 

Among the many factors taken into 
consideration in the design of the ex- 
traction system were the two primary 
features—(a) the economic or monetary 
value of the materials recovered com- 
pared with the costs of recovery and 
(b) the actual effect of the initial and 
final materials on the taste and odor 
thresholds of public water supplies 
downstream from the Institute plant. 
The costs of operation are just about 
offset by the value of the materials 
recovered. 

The polluting effect of these materials 
could be a serious problem inasmuch as 
the Nitro plant of the West Virginia 
Water Service Company is _ located 
barely 2 miles downstream from the 
Carbide plant at Institute, and, more im- 
portant, intake to this public water 
supply system is on the same side of 
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the Kanawha River as the Carbide plant 
site. Consequently, it is mandatory not 
only to achieve maximum control of the 
pollutants, but also to have constant 
assurance and record of such control 
All the effluents from the coal-hydro- 
genation plant are therefore contin- 
uously policed by automatic sewer sam- 
plers, and daily analyses are performed 
on composite samples collected by these 
continuous units. The operators of the 
Nitro Treatment Plant, which supplies 
water to the city of Nitro, part of the 
city of South Charleston, and certain 
intervening areas, including the plant 
in the Institute area, had looked forward 
to very serious treatment problems with 
the advent of unprecedented low flows 


in the Kanawha River during the 
autumn of 1953. The fact that the an- 
ticipated serious problems failed to 


materialize, is proof that the pollution- 
abatement methods described herein 
have been successful. 


The Process 


Although the majority of the process- 
water contaminants from the coal- 
hydrogenation plant located at Institute, 
West Virginia, appear to be similar to 
those found in the aqueous liquors from 
coke plants producing by-product coal 
chemicals, there are many inherent fea- 
tures of the hydrogenation plant which 
tend to make the recovery problem 
unique. In the coal-hydrogenation pro- 
cess, dried, pulverized coal is partially 
dissolved in recycled process oil to 
form a fluid mixture which is pumped 
into the high-pressure reaction system. 
Thereafter the process materials are 
handled as fluids throughout the reaction 
and separation equipment. Consequently, 
it is possible to withdraw the desired 
gas, oil, water, and_ residual-solids 
streams at appropriate points in the 
separation process. The oil streams con- 
stitute the major liquid products from 
the plant—cheinical raw materials. The 
gas streams provide fuel and are a 
source of by-product hydrocarbon gases 
for aliphatic chemical synthesis. The 
solids and water streams, which are 
waste products of the process, must be 
removed and disposed of by appropriate 
methods. The concentrated solids are 
cooled and then handled in a manner 
similar to fly-ash disposal from power 
plants. The recovery of process material 
from the water effluent before it is dis- 
carded to the sewer is the subject of 
this paper. 

A large fraction of the oxygen con- 
tained in the coal fed to the process is 
converted to water, since the hydro- 
genation conditions favor this reaction. 
Actually, this water quantity may ap- 
proach 8% of the ash and moisture-free 
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coal weight. To this chemical by-prod- 
uct is added a small stream of process 
water introduced as direct steam for 
heating or through flushing connections. 
However, every effort is made to restrict 
the total quantity to a minimum value. 
By this means it becomes easier to main- 
tain the net daily discharge of water- 
soluble process material within accept- 
able limits without the necessity of 
reducing its concentration to an un- 
usually low value. Thus part of the 
waste-disposal problem has been solved 
by first removing process material from 
a small stream, which is finally diluted 
ten-thousandfold or more with uncon- 
taminated plant-cooling water. 

A complete analysis of the contamin- 
ants in the water stream is not known, 
but the presence of several classes of 
water-soluble organic materials has been 
disclosed. Since the water is constantly 
recycled to the high-pressure reaction 
system to prevent deposition of inor- 
ganic salts from the organic product, 
it is to be expected that some build-up 
of these water-soluble, inorganic ma- 
terials will also be obtained. In addi- 
tion, the water contains dissolved gases, 
such as ammonia, hydrogen sulfide, car- 
bon dioxide, hydrogen, and hydrocar- 
bons. The recovery system is designed 
to extract from the water layer any 
emulsified immiscible oils, the soluble 
nitrogen bases, and the dissolved oxy- 
genated compounds, such as phenol. 


Description of the Recovery System 


The method selected to recover this organic 
material from the process-water stream is shown 
schematically in Figure 1, the process flow dia- 
gram. The process streams containing water 
are separated from oil in a decanter operating 
at 30 Ib./sq.in. gauge. The water layer is 
then accumulated in a raw-water feed tank at 
60 Ib./sq.in. gauge, from which it is fed through 
a preheater to a packed degassing column. 
Here the process water is stripped under pres- 
sure ot 150°C. with direct steam to remove 
dissolved gases, including ammonia, hydrogen 
sulfide, and carbon dioxide. From the base of 
this column, the water is heat-exchanged with 
the feed, cooled to atmospheric temperature, 
and then stored in a cycle water tank. A 
portion of this stored water, corresponding to 
the net accumulation of water in the process 
system, is fed continuously to a packed ex- 
traction column, where it is scrubbed at atmos- 
pheric temperature and pressure with an ap- 
propriate organic solvent. Isopropyl ether has 
been selected as the most advantageous solvent 
for use in the coal-hydrogenation plant. The 
water raffinate, from which most of the organic 
material has been removed, is then stripped 
with direct steam in a small packed column. 
This removes the dissolved solvent from the 
water before it flows to the holding and dilu- 
tion system. The stripped water is used to pre- 
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Fig. 1. 


heat the roffinate fed to this column. The 
ether extract containing the dissolved phenolic 
material is processed in another section of the 
plant. There the ether is recovered relatively 
free of cont ts and suitable for recycling 
to the extraction column, and the extracted 
phenolic material is combined with the plant 
oil streams. A brief summary of the equip- 
ment used is shown in Table 1, and typical 
material flows during recent operations are 
contained in Table 2. 


Analytical Methods 


The literature (7) describes a number 
of methods suitable for analysis of 
phenol in aqueous solution. Some of 
these are capable of directly determin- 
ing phenol in dilutions as low as 3 
parts/billion. However, preliminary at- 
tempts to analyze either the various 
aqueous streams within the coal-hydro- 
genation process or the effluents have 
yielded discordant results. An effort 
has therefore been made to develop a 
method of analysis which will give 
reasonably reliable results for the com- 
paratively large number of phenolic 
homologues present and which will not 
prove erroneous in the presence of 
hydrocarbons, nitrogen conipounds, iso- 
propyl ether, or other materials found 
in the sample streams. Such an analysis 
has been developed, although its present 
limit of sensitivity is no greater than 
0.5 part/million of phenolic material in 
water. Most striking is the indication 
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@ DECANTER 
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© CYCLE WATER COOLER 
© DEGASSING COLUMN 
CYCLE WATER TANK 
@© SOLUTE EXTRACTION COLUMN 
@ WASTE WATER PREHEATER 
@ SOLVENT STRIPPING COLUMN 
DECANTER 
© CONDENSER 
75 PS! STEAM 


WATER TO HOLDING POND | 
FOR WATER DILUTION 


Waste water extraction system—process flow diagram coal-hydrogenation pilot plant. 


Table 1.—Summary of Equipment Specifications 


Decanter 


Raw water feed tank 


Feed heat exchanger 


Cycle water cooler 


Degassing column 


Cycle water tank 


Solute extraction column 


Waste water preheater 
Solvent stripping column 


DESCRIPTION 


8-ft. O.D. by 12-ft.long, horizontal steel tank for 30 tb./sq.in. 
pressure 


4ft. O.D. by 6-ft.6-in.-high, vertical stainless steel tank for 85 
Ib. /sq.in. pressure 


93 sq.ft. staint 
pressure 


heat exchanger for 75 tb./sq.in. 


steel tubul 


101-sq.-ft. chrome steel tubular heat exchanger for 75 tb./sq.in. 


pressure 


1é-in. O.D. by 17-ft.-4-in.-high, stainless steel column for 75 'b./ 
sq.in. pressure; pocked with 1'4 in. Raschig rings 


4-t.-6-in. O.D. by 8-ft.-long, horizontal steel tank for 30 tb./sq.in. 
pressure 


12-in. O.D. by 50-ft.-high steel column for 75 tb./sq.in. pressure 
packed with %-in. Raschig rings 


4-4q.-ft. steel helical coil heat exchanger for 50 Ib./sq.in. pressure 


12-in. O.D. by 28-ft.-high, steel column for 75-Ib./sq.in. pressure; 
pocked with l-in. Raschig rings 


Table 2.—Waste-Water Extraction System—Material Flow Summary 


STREAM 


Raw water feed to degassing column .. 

Cycle water feed to extraction column ... 
Isopropyl ether solvent to extraction column 
Isopropyl! ether extract from extraction column .. 
Woter roffincte from extraction column 


PHENOL 


FLOW RATE CONTENT,* % 


gol/hr. 
360 


120 
105 
103 
122 


* Calculated os m-cresol from base-line technique of recording 290 my ultraviolet absorption 


ts of aq di 
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of 0.07 to 0.10% phenolics in the water 
raffinate by this new method; whereas 
the D.A.A.P. or the Gibbs method 
shows the presence of only 0.0006 to 
0.0013%. The procedure was adapted 
irom one reported by Murray (2), 
which is based on an ultraviolet ab- 
sorption method using a sodium hydrox- 
ide solution of the phenolic material at 
the spectral position of 290 my. A base- 
line technique with a Cary spectrometer 
is used to obtain a continuous record of 
the ultraviolet absorbence in a 10-mm. 
silica cell. The calibration curve is 
shown in Figure 2, covering the recom- 
mended range of 0.5 to 1.5 scale units 
of the spectrometer. Figure 2 indicates 
the calibration difference between the 
revised method and that of Murray, 
who used the total absorbence. For pre- 
liminary evaluation, meta-cresol has 
been selected as typical of the water- 
soluble phenolic material. Further work 
with plant-derived material may necessi- 
tate a small change in the calibration 
constant, but preliminary indications do 
not substantiate this possibility. 

The more concentrated aqueous sam- 
ples are analyzed by dilution with 0.4% 
aqueous sodium hydroxide to the proper 
strength for measurement in the ab- 
sorbence range of 0.5 to 1.5 scale units. 
The isopropyl ether samples are ex- 
tracted with equal or larger volumes of 
this aqueous sodium hydroxide solution 
for analysis in a similar manner. The 
presence of small amounts of dissolved 
isopropyl ether does not affect the 
results. 


Results of the Raffinate Analyses 


Experience shows that the ultraviolet 
absorption method yields reproducible 
analytical results, indicating an unex- 
tracted phenolic residue in the water 
raffinate roughly a hundred times the 
values obtained by standard methods. 
These differing values emphasize two 
important properties of this residual 
material fully confirmed by subsequent 
experiments. It has very slight volatil- 
ity at 100° C., and the distribution co- 
efficient between water and isopropyl 
ether is exceedingly unfavorable. Fur- 
thermore, it has been found that one 
volume of an anionic exchange resin, 
Amberlite IRA 400, selectively removes 
more than 99°7 of the material from 
twenty volumes of raffinate and that the 
resin may be regenerated with aqueous 
sodium hydroxide, Evaporation of the 
rallinate to dryness, followed by carbon- 
ization, destreys the phenolic material 
completely, 

A preliminary experiment of particu- 
lar interest has indicated that this 
unextracted phenolic residue behaves 
quite differently from phenol in tests for 
odor threshold after chlorination. 
Whereas chlorinated phenol can be de- 
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Fig. 2. Calibration curves of 


analysis. 


Table 3.—Comparison of Analytical Results for Phenolics * in the Water Raffinate 


Phenolics content of recycled isopropyl ether 


Calculated phenol content of water raffinate in equilibrium with recycled isopropyl ether 
Phenolics content of water raffinate, by Gibbs method 
Phenolics content of water raffinate, by ultraviolet absorption method 


Phenolics content of water raffinate after acidification and extraction three times with 
equal volumes of isopropyl ether by ultraviolet absorption method 


Phenolics content of water raffinate after acidification and extraction three times with 
equal volumes of dibutyl carbitol by ultraviolet absorption method ................ 


Phenolics content of distillate from acidified water raffinate, leaving 5% residue in 


kettle by ultraviolet absorption method 


Phenolics content of effluent from Amberlite IRA 400 ion exchange resin treatment 
of water raffinate by ultraviolet absorption method 


* Phenolics calculated as cresol. 


tected at dilutions as low as four parts 
per billion, chlorination of the raffinate 
indicates that the odor threshold lies in 
a considerably higher concentration 
range, approximately 870 parts/bil- 
lion. In this case the normal dilution 
of the raffinate by cooling water would 
be wholly adequate to permit direct dis- 
posal, Furthermore, it is likely that the 
odor threshold found for the raffinates 
tested is a measure principally of the 
residual extractable phenols. Their 
presence may be shown by the analytical 
results of the Gibbs method. This pre- 
liminary information thus casts reason- 
able doubt on the necessity of removing 
this extremely water soluble substance 
in spite of its apparent phenolic char- 
acter. Nevertheless, experiments are 
continuing to identify the class of com- 
pound responsible and to formulate a 
practicable method of removal from the 
water effluent. Present conjectures in- 


dicate the existence of a similarity with 
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0.0045 
0.00046 


the behavior of pyrocatechol or related 
polyhydric phenols. A summary of ex- 
perimental results and analytical evi- 
dence is shown in Table 3. 


Discussion of the Phenolics Recovery 
Process 


The raw cycle water decanted from 
the process streams contains dissolved 
gases and other impurities, which would 
probably interfere with continuous oper- 
ation of the extraction system. For this 
and other reasons related to operation, 
the precaution of removing all com- 
ponents which can be readily stripped 
at 60 Ib./sq. in. gauge and 150°C. is 
taken in order co improve the subse- 
quent recovery step. In this manner 
essentially all of the dissolved and re- 
acted by-product gases are stripped 
from the stream and are made available 
for recovery from the effluent vapors. 
With the present scale of operation, it 
is more convenient to dispose of the 


March, 1954 


20 
2 
vo 
| | yor 
| 
a 
: 
% 
0.0009 
0.095 
0.082 
0.0003 
7 
: 
t 
} 
: 
Bos 


Fig. 3. Equiilibrium dis- 
trib of ph 


a 
4 
4 

/o 
Be J 

= 

ff 
4 

PHENOL IN WATER LAYER - 
= MILLIGRAMS PER LITER 
a 10 100 1000 


relatively small quantities of these ma 
terials by adding them to fuel gas, since 
they are removed at a pressure of 60 
Ib. /sq.in.gauge. 

It is important to note that air and 
dissolved oxygen excluded from 
this system because the process streams 
are produced under drastic hydrogena- 
tion conditions and the recovery equip- 
ment is connected to inert-gas-atmos- 
phere vent This not only 
greatly reduces the possiblity of corro- 
sion but also simplifies the use of a 
solvent, such as isopropyl ether, which 


are 


headers. 


is sensitive to peroxide formation. The 
recovery process is thus operated with 
the same observed in the 
separation of the coal-hydrogenation- 


precautions 


plant oil streams. 

The choice of isopropyl ether as a 
suitable solvent is dictated by two con- 
siderations—low cost and favorable dis- 
tribution coefficient. Figure 3 shows 
laboratory data indicating the distribu- 
tion of pure phenol between water and 
isopropyl ether phases. This determina- 
tion was made as a rough check in 
guiding the choice of solvents. It is 
obvious that the distribution coefficient 
is satisfactory, although there are in- 
dications that the solvent becomes less 
effective in the extraction of dilute 
aqueous solutions. As plant operation 
becomes less experimental, the effective- 
ness of this and other solvents should 
be compared in relation to the complex 
mixture actually extracted from the 
water layer, rather than by use of the 
semiquantitative indication provided by 
the phenol equilibrium. Although esters, 
other ethers, and similar oxygenated 
solvents may be employed, isopropyl 
ether has been selected, since it is 


readily available in this plant as a low- 
cost solvent with suitable physical and 
chemical 


properties. With different 
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scales of operation, consideration should 


again be given to various aromatic 
compounds, such as alkyl benzenes and 
which may well have 


solvent properties. In 


chlorobenzenes, 
more desirable 
any case, the final selection of a solvent 
will be influenced by the composition of 
the recovered phenolic solute, since the 
incomplete recovery now attained is 
ample evidence that oxygenated solvents 
capable of nearly complete phenol ex 
traction are inadequate for removal of 
other present in the water 
phase. 

Although the ether extract is 
veniently separated in this coal-hydro 


materials 
con 


genation plant by stripping ether from 
the recovered material to obtain fresh 
solvent for the water-extraction step, 
consideration has been given to alternate 
means of recovery. It is obvious that 
the dilute ether solution obtained in this 
extraction will require an appreciable 
amount of heat for separation by dis- 
tillation. Since the streams are rela- 
tively small, this is not considered pro- 
hibitive, and a relatively large excess of 
solvent is normally employed. It is also 
possible to reextract the phenolic ma 
terial with aqueous caustic solution, as 
is done in analysis of the ether streams, 
frac 
How 
ever, because of the variety of organic 
material extracted from the water and 
because combining this recovered ma- 
terial with the main process streams is 
preferred, the distillation method has 
been chosen as being more direct for 
the present scare of operation. It is 
recognized, however, that further 
knowledge of the product composition 
may alter this choice. In any case, the 
selection of the best method of recovery 
from this solvent extract will constitute 
a separate problem for each installation. 


in order thus to concentrate this 
tion of the recovered material. 
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Significance of Results 


1. A continuous countercurrent extrac 
tion process appears to be well suited 
for the recovery of process material 
from the water effluent of 
hydrogenation plant as long as the 

treated is held to 


a coal- 

volume of water 
a minimum, 

2. Isopropyl ether appears to be as 
effective and economical a solvent as 
any investigated for the extraction 
of the effluent from the 
process. 

3. modified ultraviolet 
method, using a base-line technique 


water 
absorption 


at 200 my, has proved reproducible 
and convenient for phenolic contents 
0.0001, with 
standard methods of phenol analysis 


above Comparison 
has disclosed the presence of a class 
of phenolic compounds not previously 
This material is much less 
soluble in 


indicated. 


volatile and far more 
water than phenol or the cresols 

4. T’reliminary tests have indicated that 
the unextracted phenolic residue in 

effluent differs 


physical and 


the water signifi 


cantly in chemical 
properties from phenol, and so there 
is a need to establish tolerance limits 
to govern the degree of recovery re 
this different 


quired for class of 


contaminant 


5. In order to proceed intelligently to 
modify the present extraction pro 
cess, it is necessary to identify the 


classes of compounds involved and 
to develop an alternate process capa 
ble of completely removing all such 
material 
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A DESIGN METHOD FOR BUBBLE TRAYS 


G. T. Atkins Humble Oil & Refining Co., Houston, Texas 


sequence of steps for the design of 

bubble trays leads to the over-all 
dimensions of the tray; its relation to 
the trays above and below; the selection 
of the number, size, and style of bubble 
caps and downcomers; and the rating 
of the tray layout relative to its ultimate 
capacity. The various equations or 
numerical rules used in the step design 
relate to the laws of motion assumed to 
govern the flow of vapor and liquid as 
the two phases reach first a zone of 
generally uniform and intimate mixing 
and thereafter zones in which the 
phases separate one from the other. 

Bubble caps are, of course, only one 
of many devices suitable for directing 
the flow of vapor and introducing it 
below the liquid. Caps have been used 
in many shapes, sizes, and arrange- 
ments, some good, others perhaps not 
so good, The extent of their popularity 
in the past is illustrated by their use 
where some other device might have 
been more efficient or more economical. 
One obvious reason is the acceptance 
of bubble caps in the distillation indus- 
tries; a more fundamental reason is the 
suitability of caps at low as well as at 
high vapor rates because of the use of 
a generous part of the available head 
for controlling the flow of the two 
phases and forcing their paths to cross 
in the zone of contact. Because a part 
of the head controls the flow, an equi- 
valent part of the total volume or cross 
section of the tower is no longer avail- 
able as a mixing or contacting zone. Part 
of the total volume is needed instead 
for bringing the dispersed liquid of the 
contacting zone into a denser phase in 
the downpipe so that the total head can 
be exerted once more to accomplish 
the two functions of distributing and 
contacting. 

The design is based on the concept 
of a division of the cross section of the 
tower into zones: a zone for contacting 
and above it a zone for the elimination 
of entrainment, an outlet zone for liquid 
collection and a corresponding zone 
for the inflow of liquid from the tray 
above. Each of these zones is considered 
to be more or less heavily loaded ac- 
cording to the relation between the areas 
required to handle the design rates 
(as established by a criterion of 
good practice) and the corresponding 
areas installed in any particular tray 
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layout. Furthermore the interaction be- 
tween vapor and liquid, the range in 
which potential capacity can be used for 
either incremental vapor or liquid load- 
ing, and pressure drop, which is in- 
fluenced by tray layout and relative 
vapor and liquid loading, must be 
considered. 


Entrainment 


The kinetic forces acting on a sus- 
pended liquid droplet of a particular 
critical diameter yield the familiar 
equation for allowable superficial linear 
velocity : 


= pv)/pv- (1) 


The corresponding equation for mass 
velocity is 
w 


G, = Ky — py) py 


(la) 


It is usually more convenient to express 
the linear velocity in ft./sec. and the 
mass velocity in Ib./(hr.)(sq.ft.), on 
which basis K, and Ky would differ 
by a factor of 3600. 

In the literature the area generally 
used is the entire cross section of the 
tower; but this is not entirely logical, 
as the entrainment which occurs in the 
zone above the active caps is not di- 
rectly influenced by the presence of 
other zones such as the inlet and outlet 
downcomers. A better practice is to 
exclude downcomer areas and also losses 
at the tray periphery (17). In order 
to represent the local velocities above 
the region of the caps, the areas oc- 
cupied by the inlet and outlet down- 
comers should be excluded, likewise 
gaps caused by the omission of caps 
along the edges of the cap region. Thus 
a general cap area and above it an 
equal vapor disengaging area are left. 
The required cap area or disengaging 
area, found through use of Equation 
(1), is designated by the symbol a; 
likewise, the installed cap area (the 
region in a specific tray layout given 
over to caps) is called A. The ratio 
a/A then becomes a measure of the 
relative vapor loading and of the en- 
training tendency. 

The required cap area, sq.ft., is then 

w 


6=— 
Ky \V/ (pi pv) pv 


(1b) 
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which may be expressed in terms of 
operating conditions and physical prop- 
erties in the form 


(1c) 
fa MP(s,— Sy) 
4 
Numerical values for the constants are 
taken in accordance with Table 1, with 
K,, Ky and f, a function of the tray 
spacing (H”, in). 

The vapor loading is then expressed 
as a ratio of the required to the in- 
stalled cap area. Ratios of a/A in 
excess of 1 produce a rapid increase in 
entrainment, with about 1.3 being an 
ultimate upper limit. Even at lower 
vapor loadings the degree of entrain- 
ment might be objectionable, especially 
if only a little reflux were to be used. 
Intermediate between both the extremes, 
the case in which a/A = 1 represents 
a vigorous tray action with good con- 
tacting as between vapor and liquid, 
accompanied by a moderate degree of 
entrainment. Furthermore, this case 
becomes equal to the design vapor rates 
(20 to 40% conservative) as found by 
Souders and Brown (9), provided that 
the installed cap area occupies 60% of 
the tower cross section, thus leaving, 
say 16%, for edge losses and 12% each 
for inlet and outlet downcomers, and 
provided also that no derating is made 
on account of surface tension being 
less than 20 dynes. 

Thus the required cap area and the 
resulting vapor velocities in the region 
above the caps are not based on the 
maximum loading, nor on the minimum, 
but represent an intermediate case 
somewhat comparable with the Souders 
and Brown ratings. But contrary to 
that method, vapor-handling capacity 
is not derated on account of the low 
surface tension characteristic of hydro- 
carbons and organic compounds because 
actual performance with the light 
hydrocarbons justifies the higher rat- 
ings. But though surface tension does 
not seem to have any adverse effect 
on entrainment, the following properties 
or conditions are considered to have 
an influence: 


1. High viscosity of the liquid phase in the 
range of 10 to 100 centipoises and above is a 
cause of foam. The presence of excess dissolved 


light components, as in the asphalt strippers of 
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Table 1.—Tray Constants 
K, 


.233 840 
1040 
1160 


propane deasphalting plants, increases the diffi- 
culty, no doubt because of the small bubbles and 
viscous films (2). 

2. High boiling aromatic fractions apparently 
have a greater tendency to foom than do the 
straight-run fractions (8), and straight-run frac- 
tions greater than water. 

3. Colloidal or other suspended matter (min- 
eral, waxy, or asphaltic) or a d emulsified 
liquid phase is considered objectionable. 

4, Excessive buildup of liquid due to insuffi- 
cient liquid-handling capacity culminates in cyc- 
ling of the liquid to the tray above. 

5. Insufficient liquid on the tray (a condition 
caused by a relatively small amount of reflux 
together with a weir arrangement or setting in- 
sufficient to retain the liquid) means the disap- 
pearance of the usual zone of suspended drop- 
lets and the appearance of jets of atomized 
liquid of such fine droplet size os to be carried 
along to the tray above. 


Each of the special cases cited re- 
quires an appropriate method of hand- 
ling. Sometimes it is possible to adjust 
an operating condition so as to diminish 
or entirely eliminate the foaming con- 
dition. If not, the design must be 
adjusted to suit the prevailing condition 
and especially the weirs and down- 
comers must be made suitable for the 
liquid. So it is to be presumed that 
the remaining cause of entrainment is 
vapor loading or velocity. 

It is now considered that entrain- 
ment is due to the kinetic influence of 
the rising vapor in the region above 
the caps. The rate of entrainment, gal./ 
min./sq.ft., of installed cap area is 
considered as a function of the relative 
vapor loading, a/4. Table 2 shows 
the relation. 

In distillations conducted under vac- 
uum only a small amount of distillate 
is available for refluxing the plates, 
which are of large cross section. There- 
fore only a little reflux is available per 
square foot of installed cap area, and 
it follows that the entrainment must 
be kept quite small to avoid nullifying 
the desired effect of the reflux; or con- 
versely, that if the vapor loading is in- 
creased, the reflux should also be in- 
creased enough to wash back the addi- 
tional entrainment. Thus, if in a vac- 
uum distillation the relative vapor load- 
ing is increased twofold, from 0.4 to 
0.8, then the reflux should be increased 
about eightfold in order to dilute the 
entrainment to the same relative con- 
centration on the trays below. 

But if there is a large excess of 
reflux, the entrainment is quickly di- 
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luted and washed back. Its worst 
effects are then using up liquid capacity 
and increasing pressure drop. In order 
to prevent tower flooding, the liquid 
loading in an operating unit must be 
reduced even at the expense of reflux 
ratio. But in the design of a new tower 
the liquid loading would not be de- 
creased, as it is set by fractionation re- 
quirements; but the liquid loading 
should be increased by an amount equal 
to the entrained liquid, and the result- 
ing total liquid quantity used in select- 
ing the number and size of downcomers. 


Liquid Cross Flow 


The movement of liquid across a 
tray may be through clearances pro- 
vided under the skirts of the caps, or 
through openings or channels left be- 
tween caps, or, most generally of all, 
across the region above the caps. The 
liquid may be aerated to various de- 
grees or assisted in its forward move- 
ment by stepped trays or by directed 
jets of vapor. It is thus seen that there 
is no single or simple mechanism of 
flow on which to base an equation, as 
is done for vapor, and so it is necessary 
to proceed by rule of thumb—1make ap- 
proximations first and thereatter cor 
rect them as new experience is obtained. 

One rule of design may be stated as 
follows: the distance across the cap 
area in the direction of flow should be 
propoitional to the cap area and in- 
versely proportional to the liquid flow. 
li this distance is designated /, ({ft.) 
and a suitable factor 2/, for the flow 
in gal./min. (including entrainment), 
is included, this rule becomes 


a 


L= 
2f,(gal./min. ) (2) 


If the dimension parallel to the weir 
and transverse to the flow is denoted 
by J, (it.), then an alternate form of 
the preceding rule is 


(2a) 


a 
L= — 
It is plain from the two forms con- 


2f, (gal. /min. ) 


sidered together that the cap 
should be arranged and proportioned on 
the tray in such a way as to permit the 
installation of downcomers along the 
margins, with the inlet downcomer at 
one side and the outlet downcomer at 
the opposite side. Furthermore, if /, 


area 


Table 2.—Entrainment 


gal./min. 


a/A A 
03 


Typical Operation 
Dry vacuum, low-pressure drop .. 4 
Typical wet vacuum distillation .. .6 
Flash zone of crude pipe still ... 8 
Basis for design capacity 1.0 
Refluxed plates, atmospheric tower!.! 
Refluxed plates, butane splitter . .1.2 
Stripping section, butane splitter .1.25 
1.3 
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is found to exceed greatly /,, then a 
multipass tray layout is indicated, that 
is, a plurality of downcomers in the 
direction of flow. 

Another rule of design deals with the 
provision of area needed on account 
of liquid. It may be stated as follows: 
the downcomer area allotted for han 
dling liquid should be proportional to 
the liquid flow. If the respective areas 
in which inlet and outlet downcomers 
are to be located are designated b and 
¢ (sq.ft.), then 


(3) 


The factor f, used for the required 
cap area is a function of tray spacing, 
and so also is the factor f,, which is 
taken inversely proportional to the tray 
spacing H”, The inverse proportion- 
ality corresponds to or is derivable 
from the idea of a fixed residence time 
(1) in the downcomer, that is, from 
about 7 to 10 sec., depending upon the 
available specific-gravity differential. 
Table 3, p. 118, shows the numerical 
values of f, as influenced by the two fac- 
tors, tray spacing and specific-gravity 
differential. An increasing influence fot 
the latter in reducing the liquid-han- 
dling capacity is shown as the critical 
point is approached. At the other ex- 
treme water can be transported across 
the tray and in the downpipes at about 
twice the best rate for hydrocarbons, 
at least in the absence of foam pro- 
moters. 

To summarize the rules, the first, 
represented by Equation (2), has for 
its purpose the avoidance of an exces 
sive hydraulic gradient; whereas the 
second, expressed in Equation (3), 
refers to the need for an area suffici- 
cient to permit subsidence of the liquid 
from the aerated phase coming from 
the region above the caps. To illustrate 
these rules, a design case with trays on 
24-in. centers with a required cap area 
found to be 30 sq.ft. and with a liquid 
loading of 750 gal./min, including en- 
trainment may be assumed. A value of 
008 is used for f,. Then from Equa- 
tion (2) it is found that the distance 
across the cap area from inlet to out- 
let weir should be 2.5 ft., and from 
Equation (2a) the dimension of the 
cap-area transverse to the flow of liquid 
is 12 ft. Thus a two-pass tray layout is 
indicated with the cap area divided into 
two regions, each side of the 
central downcomer and each having 
dimensions of about 2.5 ft. across by 6.0 
ft. avg. length. From Equation (3) it 
is found that the center downcomer 
should account for about 6 sq.ft., and 
the two total 
6 sq.ft., or are 3 sq.ft. each. 

The installed downcomer are 
called B and C for inlet and outlet, 
and like the installed cap area, refer to 


b = c¢ = f,(gal./min.) 


one on 


side downcomers also 


areas 
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18 2,020 
24 2,500 
30 2,800 
2 
5 
25 


surfaces on a specific tray layout, as 
in Figure 1. Thus, if L, (ft.) is the 
distance across the installed cap area 
(hence equal to the number of rows 
crossed times the distance between 
rows) and if Ly, is the length of the 
average or typical row crossed by the 
liquid (which will ordinarily be the 
second row from the side segment), 
then the areas (sq.ft.) are 


B=C = SL, = SA/Ly. (4) 


Edge Losses 

In the interpretation of any specific 
tray layout for the evaluation of A, 
B, and C, it is highly desirable to do 
so consistently from one case to the 
next so that designs will be based upon 
an accumulation of experience, inclad- 
ing towers operating at ultimate as 
well as at design capacity. Past ex- 
perience is the best guide in resolving 
the difficulties that might be encount- 
ered in selecting the most appropriate 
values for the installed areas, and by 
difference the remaining edge losses 
X, sq.ft. About 15% of the total tower 
cross section ), sq.ft. is standard edge 
loss. Less efficient layouts might result 
in edge losses as high as 20%, and in 
more efficient layouts these might be 
reduced to 10%. The edge losses would 
be evidenced in a tower at ultimate 
capacity by local regions with relatively 
low rate of entrainment to which it 
would be advantageous to divert addi- 


tional vapor or liquid. That is the real 
test—the advantage to be gained by 
a redistribution of the flow of vapor 
and liquid to those regions in which the 
local superficial area is not fully ex- 
ploited in the interest of capacity. It 
is in this sense that the installed areas 


for liquid handling should ap- 
proached, To the extent that marginal 
areas prepare settled liquid for passage 
though the downpipe, they are useful 
for liquid handling, and subject to ex- 
perience, are to be classified as installed 
area rather than as edge losses. 


Downpipe and Weir 


Likewise the dimensions of the weir 
and of the downpipe, as long as they 
are kept within the proved range of 
experience, may be selected according 
to any reasonable rule, being made 
larger or smaller as desired. Thus, if 


Table 3.—Values of f, 


= 
18 in. 
.0053 
.0107 
.0108 
0112 
.0120 
.0160 


S$: — Sv 


the downcomer is at its maximum size 
with the weir immediately adjacent to 
the cap area, it receives a relatively 
more frothy mixture and in the end has 
no greater capacity than a design with 
the weir set back from the cap, area, 
with a disengaging space between, and 
with a downpipe of reduced cross sec- 
tion. In connection with the size and 
shape of the downpipe, reference is 
made to the survey and discussion by 
Nelson (7). 

Other points having a bearing on 
the collection of liquid are: (1) the 
extent to which open channels through 
the caps assist cross flow and (2) the 
extent to which vertical walls or baffle 
plates receive the impingement of froth 
and aid the entry of liquid into the 
downpipes. Radical departures from 
ordinary practice would call for a closer 
examination of these points. 

The minimum height under the down- 
comer, that is, the clearance between 
the bottom of the downcomer and the 
top of the plate and likewise the clear- 
ance between the downcomer and any 
inlet weir in front of it, is usually 
selected in the range of about 2 or 3 
in, or more, generally so as to satisfy a 
specified velocity requirement. Veloc- 
ities of from 1 to 2 ft./sec. under down- 
comers have been observed at high 
liquid loadings, but for new design a 
lower velocity should be selected, say 
0.7 ft./sec. This can be accomplished 
by making the free area under the down- 
comer equal to 40% of B as defined in 
Equation (4). 

The epen cross section of the down- 
pipe S, sq.ft. may be anywhere from 
50 to 100% of the installed area with 
which it is associated, the balance being 
disengaging space. Thus, in the illus- 
tration in which a center downcomer 
area of 6 sq.ft. was found and in which 
the tower diameter was 8 ft., the down- 
pipe might be 8 ft. long x 9 in. out- 
side (say 8% in. inside), thus using 


.5 FT. 3 


B=C=.5L2=.5A/Li 


Fig. 1. Installed downcomer area. 
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100% of the installed area; or it might 
be constructed as two boxes, each 3 ft. 
long X 6 in. 1D. Thus 50% of the in- 
stalled area is used, and the other 50% is 
accounted for by associated disengaging 
areas. The selection might be based 
either on the use of the downcomer as 
a beam for support of the tray or on a 
preference for the center passageway 
between downpipes as a convenience 
when work is to be done inside the 
towers. The side downpipes may also 
be varied in cross section, yet without 
impairing the tray hydraulics. In some 
designs the inside of the downcomer 
is stepped or sloped, the open area at 
the top being available for disengaging 
and the constricted area at the bottom 
still being sufficient for liquid flow. 
One reason for using a sloped down- 
comer is to leave room on the next tray 
below for an inlet weir or at least a 
bar or a step to cause the liquid to 
flow up and over the near caps, which, 
relieved of the rush of liquid around 
them, can then bubble more freely. 

The velocities in downcomers sized 
according to these rules are reasonable 
not only for the design rates but even 
for relative liquid loadings (6/B) about 
250% of design, provided, of course, 
that the vapor rate is diminished enough 
to permit moving the liquid across the 
tray to the downcomers. The design 
velocities in the downpipes and the 
ultimate obtainable at 250° of design 
are stated in Table 4, shown below. 

In comparison with the range of veloc- 
ities in Table 4, and in comparison with 
the particular value of .28 ft./sec. for a 
full-size downpipe at 100% of design 
capacity, Nelson (7) recommends 0.16 
to 0.33 ft./sec., and Huntington (4) 
recommends 0.5 ft./sec. as a maximum. 
But in the case of downpipes with 
which an adequate disengaging space 
is associated, velocities above 1.0 ft./ 
sec. are not unusual ; and in one instance 
(a high pressure absorber with trays 
on 22-in. centers) an ultimate velocity 
of 14 ft./sec. was obtained. 

The weir is usually about 2 in. high. 
It may be made higher or lower depend- 
ing upon (1) nearness to the cap region 
and (2) the liquid loading. In the case 
of low liquid rates it is advisable to in- 
stall a vertical plate upstream of the 
weir so as to retain the necessary work- 
ing quantity of liquid in the aerated 


Table 4.—Velocities in Down Pipes 


» Ys N 
\ 
| | \ 
60 0064 1.00 18 21 42 
50 .0065 24 28 56 

te 40 0072 2.50 18 52 1.04 ar 

— 35 .0080 — 24 70 1.4 
30 .0096 30 87 
Rage: 198 March, 1954 


phase or, alternatively, the cross section 
of the downpipe may be reduced so as 
to limit the entrance of aerated phase. 


Interaction Between Vapor an:! Liquid 


When absorbers and fractionators 
are tested to ultimate capacity and at 
various ratios of liquid to vapor, it is 
generally found that the maximum vapor 
capacity is attained with lower liquid 
rates and that vapor capacity falls off 
as the liquid rate is increased. When 
the maximum allowable vapor rate is 
plotted as a function of the liquid rate, 
the resulting curve is suggestive of a 
section or quadrant of an ellipse. Ex- 
pressing this in the appropriate math- 
ematical form, using the relative load- 
ings, and selecting numerical factors to 
fit the observations, one finds the gen- 
eral expression for ultimate capacity: 


a : b 2 


At design capacity the numerical re 


sult is 
+ 694 7 308 


(5a) 


(9) 


1.00. 


relative 
vapor and liquid loading, the capacity 


For various combinations of 
factor, expressed as a fraction of de- 


sign capacity or as a ratio of areas 
y/Y, then becomes 


Capacity Factor = 


(5b) 


b 2 
4 ) 


The range of combinations of rela- 
tive vapor and liquid loadings at design 


capacity (capacity factor = 1.00) and 
at ultimate capacity (capacity factor 
1.30) are shown below. 

It is convenient to express results, 
whether they be those of design cal- 
culations or those of performance tests, 
in terms of the capacity factor. The in- 
teraction between vapor and liquid is 
then accounted for. But there are also 
other things to consider, such as plate 
stability (3) and the retention of a 
working level of liquid on the tray. The 
accumulation of sufficient liquid on the 
trays is almost automatically assured 
if the installed areas are equal to the 
respective required areas for vapor and 
liquid, or at least if the disproportion is 


not too great. It is when the dispro- 
portion is excessive that faulty types of 
operation can be expected. A capacity 
factor in excess of 1.30 almost auto- 
matically results in tower flooding, and 
for viscous, foaming, or dirty stocks, 
a still earlier carry-over is indicated. 
Excessive cross-flow liquid rates in 
combination with relatively low-vapor 
velocity in the risers of the caps, will 
result in an unstable plate; whereas the 
other extreme of too little cross flow in 
combination with high vapor rates and 
large downcomers is equally unsatis- 
factory. Each of these extremes should 
be avoided. Finally, it should be men- 
tioned that in new design the selection 
of a capacity factor of 1.0 does not of 
itself assure the best all-round unit, as 
a final review of the engineering and 
economic background might lead to 
preference for some other selection in 
the range of 0.8 to 1.2 for the capacity 
factor. 


Pressure Drop 


From the point of view of new de- 


several reasons which 


make it desirable to 


sign, there are 
from time to time 
consider pressure drop 
a minimum pressure drop might be 


vacuum dis- 


For example, 


desired, as in the case ot 
tillation; or the specific tray layout may 
have an installed cap area considerably 

smaller than the required 
It is usual therefore to select 


greater of 
cap area. 

the cap spacing, size, and internal di- 
mensions with a view té@ the required 
duty. The ratio R/A of installed riser 
area FR, sq.it., to installed cap area varies 
from a minimum of 0.10 to a 
maximum of about 0.20, with 0.15 being 
a good average value. The internal 
construction of caps is likewise varied 
intentionally re 


about 


from one extreme of 
stricting the flow to the other of the 
best possible streamlining. It seems 
that a simple cap of sturdy construction, 
neither too high or too low, with the 
internal passages of moderate roundness 
and uniform cross section, is to be pre- 
ferred. Caps may be circular, oval, or 
rectangular; and the pattern on which 
they are laid out may be rectangular 
or diagonal, or even in some cases ir- 
regular to reduce edge losses. 

For vacuum distillation a close cap 


spacing is desirable so that presure drop 
will be at minimum, and R/A of 
about 0.20 should be selected (5). Also, 
a/A will be in its low range, from 0.4 
to 0.6, to keep entrainment at a mini- 
mum. Plate stability automatically re- 
sults from the low liquid cross flows 
usually found or is obtained in the case 
of higher flows by stepping the plate 
and installing intermediate weirs. For 
the usual atmospheric and pressure dis- 
tillations R/A should be about 0.15 
with a/A of, say 1.0, as a character- 
istic value. But if a/A is less than 1.0 
and especially if the relative liquid load- 
ing b/B is in the high range of 1.5 
or 2.0, then it is desirable that R/A 
approach 0.10 as a limit, thus 
improving plate stability not only by 
forcing all caps into more uniform act- 


lower 


ivity but also by permitting wider lanes 
for the passage of liquid between caps 
and by permitting subsidence of aerated 
phase upstream of the weir, Thus a 
advantage equivalent to in 
the of A is 
for dealing these 


capacity 
creasing B at expense 
gained. It is with 
situations that a pressure-drop relation 


1s desirable. 


Table 6.—Velocity Heads, Dry Plate 

Marx. 
Entrance 1 
Reversal 2 


Exit. 1 


k, Total . 4 


Table 5.—Relative Vapor and Liquid Loadings 


Typical Condition 
Unstable pilote . 
Poor aeration 
Operable 
Good tray action 
Good tray action 
Some entrainment 
Heavy entrainment 
Ultimate vapor loading 
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(b/B) 


y/Y=1.30 
2.26 
2.16 
2.01 
1.80 
1.66 
1.50 
1.41 
1.30 


(a/A) 


The dry-plate pressure drop may be 
built (6) as fol- 
lows: through the 
considered 


from velocity heads 
the 


and 


cross section 


reversal area is 
constant, and the 
heads are additive. 

The friction of the vapor against the 
tray as it turns and rises is neglected as 
is the velocity of approach from the 


riser 


successive velocity 


tray below because these two effects are 
minor and tend to cancel. An average 
cap, intermediate betwen the most and 
the least streamlined, might then be ex- 
a dry-plate 


pected to show pressure 


drop of 3.5 velocity heads. The equi- 


valent orifice coefficient is then 


535, 


1/\/3.5 
which with the value 0.533 
found for an experimental cap of a type 
used in some installations of field gaso- 
line plants (10). 
sure drop (feet of vapor) is then 


compares 


The dry-plate pres- 


(6) 
or, in terms of relative vapor rate and 
of inches of liquid and with 3.5 for k, 
the dry-plate pressure drop is 
= 0.65K ,7(a/R)?. 


The wet-tray 


kup? /2q, 


(6a) 


pressure drop is ob- 
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i 
‘ 
124), 
1.2A 
| 
om 
y/Y=10 
A 1.70 
6 1.56 
11 72 
00 


tained by adding a first increment 
£ about 1.5 in. of liquid, which might 
be considered to represent the submerg- 
ence at zero vapor flow but which is 
more realistically described as the sus- 
pended liquid in an aerated phase of 
about minimum depth or density at low 
liquid cross flow. The aerated phase 
might be divided into a lower denser 
region, say one third liquid and 3 in. 
high, and an upper less dense region 
averaging one tenth liquid and, say 5 in. 
high, giving a total depth of 8 in. and 
an added pressure drop of 1.5 in. 


Table 7.—Typical Pressure Drop 


Service o/A b/B in. liq. 
Dry vacuum ...... A 4 
Wet vacuum ...... 6 .20 6&6 29 
Atmospheric ...... 8 20 8 40 
Atmospheric .... 286 180 37 


The second increment of wet-tray 
pressure drop is due to liquid cross 
flow, as excess submergence at the inlet 
side of the tray, as excess suspended 
liquid in the aerated phase, or as a 
cause of poor vapor distribution and re- 
sulting excess vapor friction through 
the caps at the outlet end of the tray. 
Then relative liquid loading (squared ) 
is the principal variable, with a multi- 
plier of A/(A — 3K) chosen to include 
the benefit of wide cap spacing in pro- 
moting uniformity of vapor distribution 
and thereby reducing the tendency of 
liquid to accumulate near the inlet. 

A third increment of pressure drop, 
from 2 to 5 in. of liquid, resulting from 
excessive entrainment and liquid cariy- 
over as ultimate capacity is reached, 
is one of the evidences of this condition; 
but as there is little practical benefit 
to be gained by incorporating this last 
increment, it is omitted from the equa- 
tion, 

Wet-tray pressure drop (h”, in. of 
liquid) is the total of the several incre- 
ments of pressure drop already con- 
sidered. 


h” = 65 
R 


A 

+ (+) (7) 

In vacuum distillations and in some 
atmospheric distillations also, the need 
for low over-all pressure drop leads 
naturally to the selection of a larger 
riser area and a low relative vapor 
rate. The relative liquid loading is also 
kept low for plate stability. The cor- 
responding pressure drop can then be 
found by Equation (7). A tray spacing 
of 24 in. is assumed, with 0.288 used 
for 

At ultimate capacity the pressure 
drop can be calculated for various ratios 
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of vapor to liquid with riser area a 
variable. The riser area that results 
in the least pressure drop is preferred. 
Again 24-in. tray centers are assumed. 

Table 8 shows qualitatively that the 
effect of riser area has been incorpor- 
ated to about the right degree in Equa- 
tion (7), as the lowest pressure drop 
is seen to correspond with about the 
right percentage of riser area as known 
from experience. Also, the table shows 
that a good general rule for thé sizing 
of riser area is to relate it to the re- 
quired cap area so that R/a is approxi- 
mately 0.15 at design conditions. 

The table also illustrates a rather 
uniform pressure drop of about 10 in. 
of liquid, or more generally 40% of the 
tray spacing to be expected at ultimate 
capacity, that is, exclusive of the last 
sudden increment of 10 or 20% at 
flooding conditions. This suggests re- 
arranging Equation (7) so as to show 
its close analogy with Equation (5); 


that is, 
R/A R b\2 
94K A—3R JB 


a 
) 
(7a) 


_ R\2 


A further correspondence is obtained by 
setting K, = 0.288 and R/A = 0.123, 
giving 


a b6\? kh” —15 

(7b) 
Finally, it is found that letting h” = 
10.2 will give the numerical result 1.69, 
that is, 1.37; and so for the usual case 
of flooding, Equation (7b) reduces to 
identify with Equation (5). Thus one 
equation may be derived from or ex- 
plained in terms of the other and vice 
versa, the whole being on a consistent 
basis with respect to ultimate capacity 
and the pressure drop observed as this 
condition is appoached. 


Example 1. 

To illustrate the use of the method two ex- 
amples have been chosen, the first dealing with 
the selection of a tray layout for a specified duty 
and the second with the estimation of the ulti- 
mate capacity of the tray. 

In Example 1 the design conditions are given, 


Table 8.—Limiting Pressure Drop 
h”, in. of Liquid 


R/A= 

b/B 10 5 20 R/a=.15 

4 236 97* 11.2 14.5 10.1 

6 2.16 10.1* 10.9 13.6 10.3 

8 2.01 10.7 10.3* 12.5 10.2* 
10 11.5 9.8* 109 9.8* 
LP 1.66 Wg 9.4* 10.0 9.4* 
1.2 1.50 12.5 9.0* 9.0* 8.8* 
1.3 1.30 13.0 8.7 8.0* 8.0* 


* Preferred selection. 
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that is, the weight rates and densities of vapor 
and liquid. The conditions ore such as might be 
found in the stripping section of a naphtha frac- 
tionator, perhops close to the reboiler and ot o 
point of maximum loading. It is further pre- 
dicated that the sizing will be sufficiently gener- 
ous so that at the design rates that zone of the 
tower will be loaded not to the verge of flood- 
ing, but only to about 80% of ultimate capacity 
as limited by flooding. 

The first steps of the calculations lead to the 
required cap area a and then to the required 
downcomer areas b and c. An allowance of 
15% for edge losses is added, and the total is 
23.8 sq.ft., which is the tower cross section re- 
quired by the statement of the problem. As a 
diameter of 5.5 ft. would provide the required 
tower cross section, this dimension is accordingly 
selected for the design. 

Next comes the selection of the number of 
cops, the pattern of their arrangement on the 
tray, and the details of their internal construc- 
tion. There a high degree of conformity with 
local practice may be desirable or even requisite. 
Let it be d, for ple, that in the 
present case a stondard cap is to be used with 
a 6in. O.D. for lightweight construction or 62 
in. for cast iron, with a riser 1.D. of 4 in. and 
an internal cross section of .087 sq.ft. through- 
out the vapor passage. The number of these 
caps calculated in accordance with the principle 
illustrated in Table 8 (whereby a total riser area 
equal to 15% of the required cap area is about 
the optimum) is found to be 26.2, which is, of 
course, nothing more than an approximation. It 
would probably be satisfactory to use as few as 
22, or as many os 32. But let the number 
actually chosen be 27 and the arrangement of 
them on the tray be as shown in Figure 1. The 
center-to-center distances between the caps (10 
in.) and rows (8% in.) are selected so thot the 
installed cap area (number of caps times unit 
area) is equal to 15.2 sq.ft., the same as the 
required cap area. Thus at the design vapor 
rate the ratio a/A would be unity, and the 
degree of entrainment as a function of this 
ratio would be well within acceptable limits. 

The dimension lL, transverse to the flow of 
liquid is that of the typical row crossed by the 
liquid which, in this case, contains six caps on 
10-in. centers. The length is 5 ft., and the 
installed downcomer creas, inlet and ouvtlet, 
ore 2.5 sq. ft. each, the same os the required 
downcomer areas already found. Thus ot the 
design liquid rates the ratios b/B and ¢/C are 
also equal to unity, which would assure mod- 
erate hydraulic gradients and satisfactory flow 
of liquid across the tray. 

The edge loss X is found by difference to be 
3.6 sq.ft., or 15.1% of the tower cross section, 
which, as it is right in the middle of the range 
of from 10 to 20% considered to be normal, sig- 
nifies that the division of the tray area into 
the useful parts A, B, and C and the nonuseful 
port X has not been unjustifiably optimistic. 

Finally, the weir dimensions and downcomer 
clearances are fixed and the velocities checked 
to make sure that they are not excessive for the 
anticipated flow of liquid. (The calculations ore 
shown.) 
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Example 2. 

This example illustrates a calculation of ulti- 
mate vapor and liquid capacity in which it is 
assumed that the previously selected tray is 
operated at a vapor rate 20% in excess of the 
design rate and that the liquid rate is then in- 
creased until the tower is at ultimate vapor and 
liquid capacity. Tho? is, the vapor and liquid 
rates would, when substituted in Equations (1b) 
and (3), yield required areas a and b about 
30% in excess of the installed creas A and 8 
or, more precisely, would satisfy the criterion for 
ultimate capacity as given by Equation (5). The 
allowance for entrainment, read from Table 2, 
shows that about 5 gal./(min.)(sq.ft.) is to be 
expected, which would use up a part of the 
downcomer capacity and reduce thot available 
for net liquid down the tower. Thus, although 
the gross quantity of liquid is 50% greater than 
the some quantity at design conditions, the net 
increase in liquid is only 27% after correction 
for the considerable increase in entrainment. But 
the bottoms rate os represented by the differ- 
ence between vapor and liquid is now 37% in 
excess of design, or more than either the vapor 
or the liquid. Thus, the charge rate could also 
be greater by this amount provided that the 
tray efficiency actually realized was sufficiently 
higher than thot assumed in the design to 
offset the less favorable reflux ratio and pro- 
vided also that other factors did not limit. 


Tray Efficiency 

In general, tray efficiency is influenced 
both by operating conditions and by 
tray design. Of all the variables that 
might be considered, four have been 
selected as sufficient to establish effici- 
encies within about the usual range 
typical of various services. 


Murphree Efficiency (%) 


a net liquid 

100 ( 2b+6R )( total liquid ) (8) 
The variables in this equation and the 
tray behavior tendencies that they are 
intended to represent, follow. 

As the vapor flow through a tray in- 
creases, it suspends a greater quantity of 
liquid and exposes a greater interfacial 
area, thus promoting the exchange of 


Example 1.—Calculations Tray Layout 


Units 


59,000 _—tb./hr. 
100 
730 


24.7 


Ib. /sq.in. 


95 
.332 Ib./cu.ft. 


Selection of Tray Dimensions: 


Tray centers 
Factor (from Table 3) 
Constant (from Table 1) . 
Radical (Eq. (1a)) 
Entrainment (from Table 2) . 
Bubble Caps 

Required cap area (Eq. (1b)) 

Inside cross section/4-in. 1.D. riser 

Approximate number of caps 
Downcomers (assume liquid nonfoaming). 

Required downcomer area (Eq. 

Dimension parallel to weir (Eq. (2a)) 

Required total orea (with 15% edge loss) 
(15.2 +- 2.5 + 2.5)/.85 

Selected tower (tray) diameter .... 
Total superficial cross section .... , Y 
Tray layout selected same as Fig. | 
Total number of caps to be installed ... 
Center-to-center distance, caps in rows . 
Center-to-center distance, rows . 
Installed Cop Area 

A = 27 & 10 X 8.125/144 

Dow Area 

(Take second row from weir as average row) 

5 tg = 10/12 
= 8 

785 

23.8 — 15.2 - 
k Edge Loss: 
Y = 15.1%, which is about average. 


008 
1040 
3.73 


sq.ft. 
sq.ft. 


008 x (295 +1 & 15) 


8 
c 
Y 
hec 
x 


Selection of Further Troy Details: 


Risers 4-in. 1.D. KX 2 to 3 in. high ...... 
Caps 6 to 6!2-in. O.D. (say 62 in.) 
Clearance, from center-line of nearest cap to weir or downcomer, 
also in. 
Side segment available for downcomer, 10 in. 
Downpipe area, inside cross section 
Check: Velocity in downpipe free crea . 
Weir length then found to be 45 in. 
Clearance under downcomer 3 in. 
Check: Velocity in downcomer exit area ... 
Weir height 1 to 3 in. (say 2 in.). 


1 gal. /(min.)(sq-ft.). 


Example 2.—Ultimate Vapor and Liquid Capacity 


Operating Conditions at Ultimate Capacity 
(For purpose of illustration, assume a case in 
which the vopor rate is 20% higher than in 
Example 1, and in which the corresponding 
liquid rate at ultimate capacity is to be found 
by calculation.) 


Tray Dimensions and Details 
(Assume all tray dimensions and details are 
as already selected under Example 1.) 


Calculations 


Units Required Downcomer Area (from Eq. (5)). 


b = 2.5 1.69 — (1.20/1.2)° 3.73 
Entrainment 91 
375 
375 60 42.2/7.48 = 127,000 


Comparison, Ultimate Capacity vs. Design 
Vopor below feed 70,£00/59,000 = 
Net liquid below feed . .127,000/100,000 = 
Bottoms product 56,200/41,000 = 


Ib./hr. 
332 \b./'cu.ft. 120 
127 
137 


42.2 Ib./ cu.ft. 


Pressure Drop (per tray) at Ultimate Capacity 


65 x 083 x 59.5 3.2 
15 
42 


sq.ft. 
gal./min. 
gol. /min. 
gal. /min. 
Ib. /hr. 


Required Cap Area a = 70,800/1,040 K 3.73 = 18.2 = sq.ft. 
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8.9 in. 
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7 

087 
= 26.2 
25 sqft. 

: 50 ft. 

23.8 sq.ft. 

27 

10 in. 

15.2 sq.ft. 

25 sqft. 
25 sqft. 
: 23.8 sq.ft. 
= 3.6 sq.ft. 
: 2.36 sq.ft. 
> 
1.75 sq.ft. 

ip 
cae Liquid rate (to be found) % 
Dry tray in. 
in. 

if 


components between the vapor and liquid 
phases. For this reason a, the required 
cap area, has been incorporated as a 
factor. 

But as vapor rate increases, so does 
entrainment, especially at the higher 
vapor rates, This is illustrated in Table 
2, which shows entrainment vs. relative 
vapor loading a/A, The entrainment is 
added to the net liquid to obtain the total 
liquid, and the ratio of the two is then 
used as a factor in the equation. It is 
close to unity when the entrainment is 
a negligible proportion of the total li- 
quid, but in the opposite case of an 
excessively large degree of entrainment 
relative to the net liquid, it portrays a 
corresponding decline in tray efficiency. 

As the flow of liquid increases, the 
residence time on the tray decreases in 
inverse proportion. If the residence 
time is insufficient to permit a reason- 
ably close approach to equilibrium, the 
tray efficiency decreases. In an extreme 
case the flow of liquid might be so great 
relative to the vapor that not all of the 
liquid would be dispersed and brought 
into effective contact with the vapor, 
and so any additional flow of liquid 
would in effect be by-passed, with re- 
sulting decline in efficiency. Accord- 
ingly a term 2b, proportional to the 
liquid flow, has been included in the 
denominator, 

Finally the total riser area is brought 
in by means of a term 62, which is addi- 
tive to 2b in the denominator, A good 


value for Fk is about 15% of a, and so 
6R might normally be about 90% of a. 
Lower values cause the dry-cap pressure 
drop to increase, thus bringing about a 
more uniform distribution of vapor and 
an improvement in the Murphree effi- 
ciency (under certain conditions to 
values even in excess of 100%). Con- 
versely, excessive riser area can result 
in uneven vapor distribution and permit 
local by-passing of the liquid, or even 
dumping, with corresponding decline in 
efficiency. 

Thus four principal variables can be 
distinguished, although there is some 
choice as to which they shall be; for 
example, a, A, KR and net liquid, or a, b, 
Rk and entrainment, etc. In any case, 
four variables tend to make a graphical 
presentation of Equation (8) rather un- 
satisfactory, and Table 9 has been set 
up to show numerical values of tray effi- 
ciency calculated by means of Equation 
(8) and the influence of each of the 
variables. 

The tray efficiencies are shown in the 
extreme right-hand column of Table 9. 
They range from as high as 120% to 
as low as 9%. The various cases se- 
lected for consideration have been col- 
lected in nine groups, the general trend 
being in the direction of increasing li- 
quid, decreasing vapor. Groups I-IV 
represent trays having relatively more 
caps, and so the distance across 1, is 
8.0 ft.; in Group V this distance has been 
reduced to 3.5 ft.; in Group VI to 1.25 


ft., or about 2 rows of caps; and finally, 
in Groups VII-IX the distance across 
is 0.5 ft., which is sufficient for only a 
single row of caps. 

In Group I the riser area is quite 
large (20%) such as might be selected 
in order to keep pressure drop at a 
minimum. At low vapor and liquid 
rates, which might be necessary for va- 
cuum distillation, the calculated efficien- 
cies are low; but at higher loadings the 
efficiencies pick up, to a maximum of 
66%, and then decrease again because 
of entrainment. 

Group II shows that with a riser area 
of about 150% the tray efficiency would 
increase. The calculated values range 
up to as high as 85% at the design 
loading, which is believed to be fairly 
typical of many services. 

Group III shows what might be ex- 
pected with a still further decrease in 
the riser area (down to 10%). The 
maximum efficiency of  corre- 
sponds to an almost ideal case in which 
a concentration gradient is maintained 
along the liquid path from inlet to outlet 
and in which the rates are sufficient to 
maintain uniform distribution, yet with- 
out too much entrainment. The dry-cap 
pressure drop that corresponds to this 
case is rather high. It might easily be- 
come a limitation to tower capacity. 

The combination of a relatively high 
liquid flow with a low dry-cap pressure 
drop gives an unstable plate, which was 
indicated previously in Table 5, In 


Table 9.—Tray Efficiencies Calculated by Equation (8) 


a b 
Group A 8 l, R A 8 a b 
' 80 5 8.0 16 4 4 32 2 
6 64 48 3 
8 8 64 4 
1.0 1.0 80 5 
1.2 88 6 
1.2 15 96 7.5 
" 80 5 8.0 12 8 8 64 4 
1.0 1.0 80 5 
11 1.2 88 6 
iw 80 5 8.0 8 8 8 64 4 
1.0 1.0 80 5 
1.1 1.2 88 6 
Iv 80 5 8.0 16 4 1.70 32 8.5 
12 1.70 32 8.5 
8 4 1.70 32 8.5 
4 4 1.70 32 8.5 
Vv 70 10 3.5 10.5 8 8 56 8 
1.0 1.0 70 10 
1.1 1.2 77 12 
vi 50 20. 1.25 7.5 8 8 40 16 
1.0 1.0 50 20 
1.2 55 24 
vil 30 30 5 45 8 8 24 24 
1.0 1.0 30 30 
1.2 33 33 
vil 30 30 5 6 A 1.0 12 30 
45 A 1.0 12 30 
3 4 1.0 12 30 
2 A 1.0 12 30 
1x 30 30 5 6 4 1.70 12 51 
45 A 1.70 12 5) 
3 4 1.70 12 51 
2 4 1.70 12 51 
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= Liquid, ¢als./min. Ef., 
Totol Entrained Net % 
250 2 248 32 
375 8 367 46 
500 24 476 59 
625 80 545 66 
750 160 590 64 
940 400 540 50 
500 24 476 76 
625 80 545 85 
750 140 590 82 
500 24 476 109 
625 80 545 120 
750 160 590 115 
1060 2 1058 28 
1060 2 1058 36 
1060 2 1058 49 
1060 2 1058 78 
1000 21 979 69 
1250 70 1180 80 
1500 140 1360 80 
2000 15 1985 52 
2500 50 2450 58 
3000 100 2900 57 
3000 9 2991 32 
3750 30 3720 34 
4125 60 4065 34 
3750 1 3749 12 
3750 1 3749 14 
3750 1 3749 15 
3750 1 3749 17 
6380 1 6379 9 
6380 1 6379 9 
6380 1 6379 10 
6380 1 6379 
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Group IV the riser area is shown re- 
duced by steps; the calculated improve- 
ment in tray efficiency is from a low of 
28% to a high of 78%, after utilization 
of all of the available pressure drop for 
distributing the vapor into the liquid. 

Groups V-VII illustrate reductions in 
cap area and increases in downcomers 
such as would be typical for increasing 
ratios of liquid to vapor. The distances 
L across the caps in the direction of 
flow are 3.5, 1.25, and 0.5 ft. respec- 
tively, for which the corresponding 
number of rows of caps crossed by the 
liquid might be 4, 2, and 1. The typical 
tray efficiencies corresponding thereto 
are 80, 58, and 34° when at design 
capacity. 

For still further increases in the ratio 
of liquid to vapor, Groups VIII and IX 
further reductions in tray effi- 
ciency, first to 156% and finally to 10%. 
Such high ratios of liquid to vapor are 
encountered when the relative volatility 


show 


ot the liquid is quite low compared to 
that of the vapor; in such circumstances 
it is usual to find low tray efficiencies 
of approximately the value shown. 

Thus tray hydraulics can be used to 
account for the general trend observable 
in tray efficiencies when comparing one 
service with another, especially with re- 
spect to the liquid-to-vapor ratio. Also, 
the method of comparing one tray lay- 
out with another, as illustrated by Table 
9, shows that an optimum arrangement 
for efficiency and capacity can be se- 
lected; and furthermore, that this 
optimum is satisfactorily attained if the 
installed areas for caps and downcomers 
are made substantially equal to the re- 
spective required areas as established by 
the service conditions. 


Other Types of Contact Devices 


It is appropriate to consider 
other devices that are used under various 
circumstances as alternatives to bubble 
caps, especially insofar as the relative 


some 


advantages or disadvantages of bubble 
caps are illustrated thereby and insofar 
as capacity rating can be compared. 
Perforated or sieve trays with down- 
comers, while having a record going 
back to the early days of the process in- 
dustrics, being more 
widely used today, where their charac- 
teristics suit. For the same open area 
their dry-tray pressure drop is lower than 
that for bubble caps, as the number of 
velocity heads is ‘only about half that of 
caps, that is, k of about 1.5 to 2.0 com- 
pared with 3 to 4 shown for riser and 
cap in Table 6. Hence, ordinarily a 
lower per cent open area could be ad- 
vantagegusly used; say about 10% of 
the required cap area, compared with 


about 15% optimum for bubble caps. It 


are also even 


is generally considered that sieve trays 
are not well adapted to low or to fluc- 
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tuating rates, because of the possibility 
of losing the liquid; but if the liquid 
rate is quite high relative to the vapor, 
the sieve tray may offer the better op 
portunity of obtaining uniform dispersal 
and contact of the streams, with result- 
ing improvement in tray efficiency. 

In some degree similar to the sieve 
tray are the proprietary constructions 
which employ vanes and_ perforations 
(elements) to control dispersal of the 
liquid and to spread out the aerated 
phase not only over the area 4 above the 
elements, but also over the area C above 
the downcomers, so that the total area 
A+ C becomes available for vapor dis 
engaging. Then insofar as entrainment 
is the limitation to the capacity for a 
given tower size, a higher vapor rate is 
about in the ratio of 
It is thus possible to size 


permissible, 
(d+C)/A. 
the downcomer area S for a large liquid- 
handling capacity, and still retain a high 
capacity for vapor. Also, pressure drop 
may be lower, and dispersal of the li 
quid phase somewhat better than for 
bubble cap trays. The results are de- 
pendent upon the manufacturer's design 
for the particular service, but at least 
an interpretation in terms of the same 
factors as for bubble cap trays is pos- 
sible. 

In packed towers and slat towers the 
area available for vapor and liquid may 
approach the total cross section Y more 
or less closely. In the case of elements 
spaced so close as to suppress the forma- 
tion of aerated phase, there would be a 
fundamental dissimilarity to bubble cap 
action, But if an open construction is 
used, with elements spaced evenly apart 
in layers, a closer similarity to the action 
of bubble perforated 
might then result, yet with a difference 
in two respects. First, the vapor hand- 


caps or trays 


ling capacity could be made greater, 
about in the ratio of )'/A if the entire 
cross section is fully utilized. And -sec- 
ond, a narrower range of good operabil 
ity would typically be found, with results 
the and 
This range of 


greatly dependent upon size 
spacing of the openings 
operability, as for bubble cap trays, is 
defined by the influence of the allowable 
flow rates of vapor and liquid each upon 
the other. Thus the total free area might 
be considered as subdivided into two 
areas, R and S, for passage of vapor and 
liquid respectively, so that as the pro- 
portionate area in the one service in- 
creases, that in the other decreases; the 
limitation (when not entrainment due to 
high superficial velocity) being pressure 
drop. 

Thus, while the consideration of tray 
design has been specific only with re- 
spect to the use of bubble caps, it can 
also be seen that there are similarities 
between bubble caps and other types of 
contact devices which permit knowledge 
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in the one field being useful in the 
other also, especially for comparisons ot 
performance data over a range of con 
ditions. 
Summary 

In the design of bubble trays, it 1s 
necessary to proportion the cap areas 


and downcomers to the vapor and liquid 


loadings and to install caps with ap 
proximately the correct ratio of riset 
area in order that the tray may then 


operate at good efficiency and capacity. 
The required areas found by the design 
method are related by the interaction ot 
vapor and liquid. A further considera 
tion of this interaction relates it to the 
pressure drop. The factors 
for sizing have been based upon the ob- 
servations and calculations for about 
fifteen tests to ultimate 
towers in a variety of services, embrac 
ing a wide range of operating conditions 
and a wide variety of bubble-tray ap 
paratus, 

It is recommended that in the sizing 
of equipment to be installed, the fullest 


numerical 


capacity, tor 


consideration be given to all of the rele 
vant circumstances known from experi- 
ence and to each detail and dimension 
upon which the performance will ulti 
mately depend. It is hoped that the 
method will contribute to the 
soundness of commercial designs and to 
the satisfactory service of bubble-tray 


pre sent 


installations, 
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Notation 

= required cop area, sq.ft. 

b required downcomer area, sq.ft. (in- 
let) 

c required downcomer area, sq.ft. (out- 
let) 

f, foctor for required cop area 

f,, factor for required downcomers 


9 32.2 (f1.)(sec.)(sec.) 

h” pressure drop/tray, in., of liquid 

k number of velocity heads, 2g. F/u," 

I, required distance across cop area, ft. 

I, required distance transverse to flow, 
ft. 

q vapor rote, cu.ft. /sec. 

s specific gravity of liquid, relative to 


water 

&» = specific gravity of vapor, relative to 
woter 

u. = allowable vopor velocity above cop 
region, ft./sec. 
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Ur = vapor velocity inside risers, ft./sec. 
u, = velocity of liquid in downpipes, ft./ 
sec. = .00223 (gal./min.)/S 
w = vapor rate, Ib./hr. 
y = required tower cross section, sq.ft. 
A = installed cop area, sq.ft. 
B = installed downcomer area, sq.ft. (in- 
let) 
C = installed downcomer area, sq.ft. (out- 
let) 
D = tower I.D. or tray O.D., ft. 
F = vapor friction, feet of fluid flowing 
Fx’ = dry-plate pressure drop, in. of liquid 
on plate 
G = mass velocity, tb./sec./sq.ft. 
H” = tray spacing, in. 
K, = tray constant, for linear velocity 
K, = tray constant, for mass velocity 
L, = distance across installed cap area in 
direction of liquid flow, ft. 
ly = distance across installed cap area 
transverse to liquid flow, ft. 
M = avg. mole wt. of vapor 
P = absolute pressure, ib./sq.in. 
R = total riser area, inside cross section, 
sq.ft. 
S = downpipe area, inside cross section, 
sq.ft. 
T = absolute temperature, 460-+- ° F. 
V = unit gas volume, cu.ft./Ib. mole 
% = edge losses around tray, sq.ft., 10 to 
20% of Y 
Y = total superficial cross section of tower, 
sq.ft. = A+B+4+C+4+X 
Z = gas law correction factor, PV/10.72T 
pr, = density of settled liquid, Ib./cu.ft. 
pe = density of vapor, Ib./cu.ft. 
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ABSTRACTS 


Abstracts of papers published in “C ommunications,” Chemical Engineering 
Progress Symposium Series No. 8, Vol. 49 (1953), $1 to members, $1.50 to 
nonmembers. The volume may be ordered from Chemical Engineering 
Progress, 120 East 41 Street, New York 17, New York. 


Semantics—Do You Mean What You Say? 
Gilbert Brighouse 
Occidental College 


What men communicate—facts, purposes, 
feelings—the barriers raised in industry and 
social life against these communications, 
and the inadequacy of the media of com- 
munication are discussed informally. Good 
relationships between individuals are 
stressed as the keynote to successful com- 
munication. 


Chem. Eng. Progress Symposium Series, 49, No. 
8, 1 (1953). 


Oral Communication 


Dwayne Orton 
International Business Machines Corporation 


All the social devices of communication 
call to the attention of management the 
need for having within the industrial body 
the same psychological and social levels 
found outside it. Here is discussed one of 
the basic needs of management, the ability 
of the executive to identify himself with the 
interests, desires, point of view, and atti- 
tudes of the person with whom he is con- 
ferring. 


Chem. Eng. Progress Symposium Series, 49, No. 
8, 7 (1953). 


Written Communication: When, What, and 
How 
A. J. Johnson and Harold G. Vesper 
Shell Development Company 

Too often technical and business writers 
forget that the success of their communica- 
tion depends on how well it reaches and 
serves the reader. Outlined here is a me- 
thod of handling incoming and outgoing 
mail in a sizable technical org2aization. 
Included are some hints on effective writing 
of reports and letters. 
Chem. Eng. Progress Symposium Series, 49, No. 
8, 13 (1953). 


Objective Accounting: A Problem of Com- 
munication 


Carl F. Braun 
Cc. F. Braun & Co. 


Accounting is a method of communica- 
tion often overlooked by engineers. Ac- 
countants’ figures and reports are fre- 
quently presented to management with little 
consideration for engineering methods or 
for clear application to industrial methods. 
There is a need for a common language 
and application of engineering thought to 
accountants’ reports on which managerrent 
decisions are based. 

Chem. Eng. Progress Symposium Series, 49, No. 
8, 21 (1953). 


A Solution to the Communications Problem 


Cc. 8. Barr 
Sinclair Research Laboratories, Inc. 


Many organizations suffer from “too little 
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and too late” mail distribution systems. 
Here is described a system used in a re- 
search organization to provide wide distri- 
bution of incoming and outgoing correspon- 
dence and reports without sacrificing speed 
of delivery or central filing efficiency. Ra- 
pid copying of important incoming letters 
using Ozalid makes it possible for several 
men to read letters and reports immediately. 


Chem. Eng. Progress Symposium Series, 49, No. 
8, 31 (1953). 


How to Organize Your Paper-Work 
Problem 
Frank Knox 
Frank M. Knox Co., Inc. 

Paper work is a production problem in 
the office. Forms constitute the raw ma- 
terial; clerical operations and procedures 
constitute the work in progress; and com- 
pleted records comprise the finished goods. 
To organize paper work an inventory must 
be taken of all three factors, and a method 
must be evolved for correcting the problem 
and safeguarding against its recurrence. 
Simple, practical methods are presented for 
setting up and operating a control to reduce 
costs and speed up production of essential 
clerical operations. 

Chem. Eng. Progress Symposium Series, 49, No. 
8, 37 (1953). 


Statistical Analysis of Experimental Data 
by Means of Punched Cards 


C. E. Cummings and Jack Sherman 

The Texas Company Research Laboratories 

Comparison of one set of data with an- 
other in order to determine significant dif- 
ferences generally requires statistical tests 
involving considerable computation, and 
communication of these data is often slow. 
In one company where these computations 
are carried out on punched-card machines 
the data are kept on cards from week to 
week so that semiannual and annual totals 
may be easily analyzed and long typed re- 
ports eliminated. 


Chem. Eng. Progress Symposium Series, 49, No. 
8, 43 (1953). 


Electronic Data-Processing Machines 
Cc. C. Hurd 

International Business Machines Corporation 

This paper traces the history and devel- 
opment of digital computers and data-proc- 
essing machines. The components which 
comprise the tnost modern electronic ma- 
chines and the application of these machines 
to problems in scientific research, data re- 
duction, and economic calculations are 
discussed. 
Chem. Eng. Progress Symposium Series, 49, No. 
8, 49 (1953). 
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Vacuum Degasification in a Packed Column 


Elmer L. Knoedler and Charles F. Bonilla 


he packed column is useful in carry- 

ing out mass transfer between a gas 
and a liquid when the two fluids are 
passed countercurrent to each other. 
The purpose of this investigation was 
to establish the operating mechanism of 
a packed column operating as a cold- 
water vacuum deaerator, measure the 
transfer coefficient over the practical 
ranges of operating conditions, and com- 
pare its performance to that of a 
standard desorption tower. 

Absorption theory has been based 
upon the concept of additive resistances, 
as has heat-transfer theory. In each 
case the total resistance to transfer is 
visualized as including the resistance of 
a stagnant film of each fluid of appro- 
priate “effective thickness.” The indi- 
vidual film-transfer resistances are 
added with any other resistances present 
to give the over-all resistance. The re- 
ciprocal is designated the over-all 
coefficient. The relation between the gas 
and liquid film resistances and the total 
resistance to mass transfer is expressed 
as follows (10): 

| | | 
kga Hky,a HK,a 

Chilton and Colburn (1) advanced 
an alternative concept in which the num- 
ber of transfer units N.T.U. is used to 
measure the difficulty of the desired 
transfer, and the height of a transfer 
unit H.T.U. measures the effectiveness 
of the column packing (2). These dif- 
ferent quantities are related as follows: 


1 a(N.T.U.) 
d( hy 
_ In — 
(h + Kena) 


where hi is the actual height of the pack- 
ing and h,»g is the additional packing 
height that would produce the mass 
transfer that occurs in the inlet distribu- 
tor and all other parts of the column 
except the packing. 


Mr. Knoedler is now associated with Shep- 
pard T. Powell, Baltimore, Md. 

Contribution No. 36 from the Chemical 
Engineering Department, Engineering Center, 
Columbia University. For further details refer- 


ence should be made to E. L. Knoedler, Ph.D. 
Dissertation (1952), Columbia University Library. 
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Deoxygenation of Water in Stedman Packing 


Columbia University, New York 


Vacuum desorption of oxygen from water has been studied in a 6-in.-diam. tower 
filled with 2 ft. of Stedman triangular packing. Packing heights were varied from 
0 to 2 ft., water temperature from 52 to 112° F., liquid rate from 3,400 to 13,000 
Ib. /(hr.)(sq. ft.), noncondensable gas pressure from | to 94 mm. and concentration 
of oxygen in the entering liquid from 3 to 12.7 p.p.m. by weight. 

The liquid film offers the only resistance, and the corresponding mass-transfer 
coefficient was computed for each run. Below the loading point the data are 


correlated by the expressions: 
H.T.U. = 0.078(L)°* 


Kio ase y" 


The film coefficients for the packing depend only on liquid flow rate, showing no 
variation with packing height, solute gas concentration, solute gos pressure, or 
temperature. End effects were found to be appreciable. When exprssed as 
equivalent packing height they were a function primarily of temperature. 


Possible Mechanism of Vacuum-Decerator 
Column Operation . 
Consideration of the factors in 
operation of a vacuum deaerator indi- 
cates that some may be similar to those 
involved in an absorption column but 


the 


others are completely different. 

In an absorption column the inert gas 
flow rate G is substantially constant 
throughout the column and is large. In 
the case of the vacuum deaerator the 
only gas is that carried into the tower 
at the top dissolved in the liquid. G 
thus increases in going up the column 
and is negligibly small. The liquid 
stream is substantially constant in both 
cases. Neither type of column is oper- 
ated flooded, and thus both may have a 
liquid-gas interfacial area per unit vol- 
ume of packing that is constant through- 
out the packing. 

The water temperature and, therefore, 
water-vapor partial pressure, remain 
substantially constant throughout a de- 
aerating column because of the low 
water vaporization (an average of some 
5 p.p.m. in this study). Thus an at- 
mosphere of oxygen and water vapor 
substantially fixed in composition is 
maintained throughout the gas phase. 
Accordingly the gas film resistance is 
negligible and the liquid film coefficients 
may be calculated directly. 


Description of Apperatus 

The general arrangement of the 
equipment for the deaeration studies is 
shown in Figure 1. The column was 
stainless-clad to prevent corrosion, and 
all other equipment in the system was 
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either coated with stainless steel or suit- 
able paint or made of other corrosion- 
resistant material. 


DESORPTION TOWER AND PACKING 

Deceration was effected in the section labeled 
“Racked Deaeration Tower.” It was constructed 
of nominal 6-in.diam. pipe 2 ft. long between 
flange foce.. Twenty-four inches of Stedman- 
triangular-pyramid type of packing completely 
filled the column. A flanged 4-in.-long pipe end 
connected to the bottom of the tower acted a1 o 
small reservoir for deacerated water. 


INLET LIQUID DISTRIBUTOR 

A 6.25-in.high distribution head section was 
mounted on top of the column. As shown in 
Figure 1, the inside of the top section included 
a redistributor plate located approximately 2 in. 
above the packing. The plate included seven 
removable orifices for controlling the liquid 
flow and four vapor risers which projected 
upword so that liquid woter would not over- 
flow through the risers. The orifices had an 
1.D. of 0.157 in. and were protected with a 
screen from plugging by solid porticles. 


LIQUID RECIRCULATING SYSTEM 

The deaerated water leaving the column 
flowed through a 2-in. Saran pipe to a centri- 
fugal recirculating pump. This pump forced the 
water through two shell-andtube heat ex- 
changers connected to both a cold-woter and a 
steam supply. The main stream of water flowed 
through a plug valve, a disk-type positive-dis- 
placement water meter calibrated at several 
temperatures, and oa needle valve at the inlet 
of the deaeration tower to control the flow rate 
ond to prevent oxygen evolution before the 


woter entered the column. 
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A U-tube mercury ter was ted Table 1.—Oxygen Desorption Data and Results 


across the plug valve to indicate the pressure Packing Inlet Outlet 
drop. The valve was calibrated at several Test height oxygen oxygen Packing 
positions so thot instantaneous liquid flow rates series ft. P.p.m. P-p.™. N.T.U. 
could be read directly. The integrated flow wos 532-35 0.5 6.83 3.22 0.99 
read from the displacement water meter. 536-39 1.0 6.40 2.27 1.54 
Water temperotures were measured ot five 540-43 15 6.27 1.90 1.92 
locations by means of iron-constantan and 544-47 2.0 5.74 1.48 2.54 
chromel-clumel thermocouples and a potentio- 548-49 20 484 1.90 2.05 
meter. The first point was located just before 550-51 15 6.19 2.50 1.49 
the needle valve at the entrance to the tower. 552-53 1.0 676 3.28 1.05 
The second, third, and fourth points were at 554-55 05 7.59 417 0.79 
6-in. intervals deep in the packing. The final 
point was in the storage the 558-59 0.5 6.24 
column. Differences among them were neglig- 560-61 1 547 pe pen 
ible. The deaeration tower was covered with 562-63 15 
1 in. of magnesia and asbestos insulation. 567-69 0.5 3.31 1.73 0.69 
570-73 1.0 3.02 1.07 1.07 
GAS ABSORPTION SYSTEM 575-77 1.5 3.19 0.81 1.39 
A side stream from the discharge of the main 570-80 28 2.96 Oss ae 
circulating pump was delivered to two 10-gol. 503-84 0.5 5.13 2.07 0.92 
glass gas-absorption bottles connected in parallel 585-86 0.25 5.27 2.66 0.69 
and packed with Raschig rings. Thence it flowed 587-89 1.0 5.01 1.25 1.43 
through an unpocked partially filled bottle 590-91 15 469 0.82 1.77 
which served as a reservoir for controlling the 592-94 2.0 480 0.50 2.30 
liquid foveal in the deaerator. The water returned 597-98 05 10.11 676 045 
von this bottle to the suction side of the 599-600 1.0 10.99 5.58 1.14 
main pump. Oxygen gos wos bubbled through 601.02 15 10.72 495 1.40 
the unpacked bottle and then through the 603-04 20 10.11 4.06 1.98 
Raschig-ring-packed bottles, countercurrent to the 
water flow. Any excess flowed out of the system 608-09 0.5 10.81 7.64 0.42 
through a mercury seal. 640-41 2.0 7.40 3.22 1.68 
The concentration of oxygen in the water 642 15 8.59 4.16 1.17 
delivered to the deaeration tower could be 643-44 1.0 9.07 5.22 0.83 
varied os described by suitably adjusting the 610-12 1.0 8.93 5.89 0.67 
flow of water in the side stream passing through 613-17 15 7.98 495 0.92 
the bottles. 616 2.0 9.75 4.68 1.21 
618 0.5 10.78 8.24 0.37 
GAS REMOVAL SYSTEM 
620-21 0.5 5.74 3.65 0.63 
A 2-in.-diam. steel line connected the top of 622-23 10 5.44 3.00 0.88 
the column to a condenser and a rotary oil- 624-27 15 4.66 2.33 1.17 
sealed vocuum pump. The vacuum was con- 628-29 2.0 4.56 2.06 1.67 
trolled by means of two spring-loaded diaphragm 630-31 20 597 79 225 
valves, the second connected so as to control 
the pressure on the diaphragm of the first. 68 a 32 ate 178 
: 633-34 1.0 6.30 2.60 1.37 
The gauge pressure in the system wos meos- 
: 635 0.5 6.60 3.28 0.89 
ured at four locations by mercury manometers 
in the vapor line, above the redistributor plate 636 0.5 7.22 3.17 1.17 
and just above and below the packing. The 637 1.0 6.86 2.44 1.57 
second and third locations always read the 638 1.5 5.84 1.84 2.13 
same, and the fourth also when the water level 639 2.0 7.89 1.76 2.46 
wes bstow it and the full packing in use. The 458 0.38 7.89 5.90 0.57 
partial grenure of oxygen was computed by 659 0.82 7.56 5.25 0.53 
subtracting the vapor tension of water at test 660 413 7.20 4.80 1.02 
temperature from the observed total pressure. 661 0.0 8.15 6.18 0.55 
To obtain satisfactory control of the pressure 662 1.4) 695 457 1.12 
under the varying test conditions, it was found 664 1.87 6.83 43) 1.33 
necessary to bleed a small amount of air into 
the vacuum piping system between the control 667 0.07 6.04 4.20 0.54 
valves. Thus gas removal rates could not be 668 0.49 5.78 3.84 0.63 
checked by direct measorement. 669 1.03 5.12 2.95 0.95 
670 1.47 4.49 2.33 1.36 


LIQUID SAMPLING 674 0.02 4.19 2.98 0.43 


Weter ples were obtained from three 675 0.69 4.30 2.35 0.77 
locations. No. 1 sample was collected by by- 677 1.67 3.60 1.46 1,33 
passing a valve in the main line feeding into 678 2.00 3.58 1.36 1.46 
the deaeration tower, No. 2 sample was col- 681 0.08 7.19 5.49 0.43 
lected below the central orifice of the redis- 682 0.48 7.90 5.62 0.52 


tributor plate, and No. 3 below the storage 
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reservoir. Small centrifugal pumps were em- 
ployed for faster circulation and collection of 
No. 2 and 3 samples. Each sample was removed 
by closing the valves to the bottle, opening the 
bypass around it, and disconnecting the bottle. 


LEAKAGE 

Since the system wos under vacuum, air leak- 
age was of constant concern. One of the prin- 
cipal sources was the pump bearings. The 
sample pumps were submerged in water to 
seal the pump glands. The bearing oil seals of 
the main circulation pump were made watertight 
by building up the sides with plastic wood and 
flooding them with water. The apparatus was 
always flushed with oxygen before any runs 
were started after an idle period, as well os 
when conditions were changed from one series 
of tests to another. During this flushing period 
the water was circulated through the equipment 
so as to stabilize all the water in the system 
under the new conditions. 

Precautions to limit air admission also included 
painting all joints in the system with Glyptal 
varnish and bubbling pure oxygen through all 
moke-up water before introduction into the 
circulating system. 


Operating Procedure 

It was necessary in the deaeration experi- 
ments to control and measure the following five 
independent variables: the concentration of 
oxygen in the water entering the tower, the 
total absolute pressure of the gas in the column, 
the temperature of the water in the column, 
the rate of flow of the water through the column, 
and the height of the useful (nonflooded) pack- 
ing. In addition, the dependent variable of 
oxygen concentration in the water leaving the 
column was measured. 

Many test series were carried ovt in which 
only the inlet oxygen content among the inde- 
pendent variables was modified between suc- 
cessive points. Other series were carried out 
in which only the effective packing height was 
varied by the expedient of operating at differ- 
ent liquid levels in the packing. In other suc- 
cessive series only the liquid flow rate or the 
vacuum was changed. 

It was found difficult to hold other variables 
constant and fix the temperature at will because 
of the large effect of temperature on the vapor 
pressure of water and on the inlet and equili- 
brium concentrations of oxygen due to changes 
in gas solubility. Thus the effect of temperature 
was determined by carrying out several similar 
series of tests at any temperature levels ob- 
tained and the desired other conditions, and 
then interpolating to the desired temperatures. 


MEASUREMENT OF OXYGEN CONCENTRATION 

The dissolved oxygen in the liquid was de- 
termined by the Winkler method (12), which is 
suitable in the range involved. A modified pro- 
cedure used os a check for interferences is 
similar to present A.S.T.M. methods (3,9). Blank 
tests showed that iron and other interfering 
substances were present only in negligible 
amounts in the water samples. The compositions 
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Packing Inlet Outlet 
a Test height oxygen oxygen Packing ae, 
series ft. p.p.m. p-p.m. N.T.U. 
685 1.41 6.46 3.82 1.08 
686 1.70 6.39 3.42 1.25 
687 1.95 6.12 3.04 1.56 
69) 0.15 8.75 6.73 0.60 
ee 692 0.69 9.08 6.70 0.68 dive 
Bea 693 1.38 8.35 5.58 1.16 
694 2.00 8.40 5.25 1.45 wa 
7 695 0.05 7.80 5.77 0.45 
| 696 0.79 7.33 4.55 0.78 oe 
697 1.33 6.88 3.97 1.00 
i 698 1.93 6.32 3.12 1.47 i, 
720 0.03 10.82 9.20 0.34 
721 0.52 11.59 9.23 0.42 Ps 
722 0.56 8.82 7.62 0.85 
: 723 1.21 10.65 7.86 071 
726 0.54 10.95 9.44 0.61 “te 
727 131 10.17 8.28 
728 1.26 11.08 8.39 0.71 
729 0.00 12.72 10.90 0.46 
ef 730 0.00 12.09 9.27 0.59 
731 0.52 11.19 8.10 1.07 
732 1.18 11.61 7.39 1.76 
747 0.46 7.75 5.35 0.74 
< 748 0.82 6.85 4.88 0.78 
750 1.29 7.15 4.62 0.99 
751 1.21 7.17 4.42 1.17 
752 0.92 7.48 5.04 0.85 ee) 
753 0.52 7.77 5.21 0.80 
Aye 754 0.20 8.37 6.02 0.60 ie 
ee 755 0.46 8.54 5.20 0.98 ai 
756 0.77 8.00 4.80 1.10 fe 
757 1.20 7.95 4.20 1.58 . 
| 760 0.49 5.90 3.05 1.19 a 
1.23 5.60 2.44 1.80 
763 1.21 6.30 1.27 
764 0.78 5.58 0.88 
765 0.08 6.30 4.50 0.52 
766 0.15 = 4.30 0.56 ‘ie 
767 0.82 5.66 3.44 0.85 oo 
768 1.32 5.66 1.14 
34 769 131 4.08 1.92 1.03 ne 
770 0.59 4.34 2.92 0.51 
0.15 4.86 3.60 0.36 
772 0.20 _ 3.68 0.40 ee 
773 0.72 4.48 2.67 0.67 
774 1.27 444 1.12 
775 2.05 1.23 
776 5.53 2.49 1.01 
777 5.35 0.61 
780 2.08 0.89 
y 781 5.50 3.03 0.59 a 
785 7.30 5.45 0.37 
786 3.30 1.14 
787 5.06 1.03 
789 5.53 1.02 
790 0.02 5.63 3.78 0.71 
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Table 1.—(Continved) 


Total Oxygen 

Test Temp. pres. pres. 
series “eh mm. mm. 
532-47 83.7 52.5 23.0 
548-55 79.8 53.5 27.0 
558-63 92.0 52.0 14.0 
567-80 100.0 49.0 0.0 
583-94 99.5 49.5 0.0 
597-604 62.1 65.0 51.0 
608-09 62.2 56.0 42.0 
610-18 62.8 55.5 41.0 
620-29 1114 99.5 31.0 
630-35 114 98.5 30.0 
636-39 114 98.5 30.0 
640-44 62.2 49.0 35.0 
658-64 100.0 122.0 73.0 
667-70 101.0 86.0 35.0 
674-78 101.4 65.5 14.0 
681-87 75.5 61.0 38.0 
691-94 75.0 101.5 79.0 
695-98 75.0 63.5 41.0 
720-23 52.8 104.0 94.0 
726-29 52.0 104.0 94.0 
730-32 52.0 104.0 94.0 
747-50 95.5 111.0 68.0 
751-54 96.0 111.0 68.0 
755-57 95.5 111.5 68.0 
760-62 97.2 83.5 39.0 
763-65 96.5 82.5 39.0 
766-68 96.0 82.0 39.0 
769-71 96.0 59.0 16.0 
772-74 95.6 58.5 16.0 
775-77 94.2 57.5 16.0 
780-82 94.3 50.5 10.0 
785-87 107.0 118.0 57.0 
788-90 112.0 116.5 46.5 


Water Oxygen End Packing 
Ib./(hr.) equil. effect H.T.U. Packing 
(sq.ft.) P.p.m. ft. ft. Kia 
5,700 1.10 0.56 1.04 88.0 
9,200 1.40 0.56 1.41 105.0 
8,900 0.65 0.56 1.15 124.5 
11,960 0.00 0.43 1.35 130.5 
6,960 0.00 0.49 1.09 103.4 
6,420 3.10 0.26 1.12 916 
10,200 2.60 0.21 1.45 113.0 
12,300 2.60 0.16 1.79 111.0 
12,950 1.25 0.66 1.82 118.0 
7,290 1.25 0.66 1.19 107.0 
4,680 1.25 0.66 1.01 73.0 
10,200 2.20 0.21 1.45 113.0 
12,400 3.30 0.57 1.72 110.0 
12,300 1.60 0.57 1.72 115.0 
12,000 0.70 0.57 1.72 112.4 
11,900 2.10 0.46 1.69 112.8 
12,150 4.30 0.46 1.69 115.0 
11,800 2.20 0.46 1.69 112.0 
12,550 6.50 0.34 2.08 99.0 
10,200 6.50 0.40 1.56 105.0 
5,320 6.50 0.66 1.08 80.3 
13,000 3.10 0.66 2.00 105.0 
10,600 3.20 0.66 1.54 111.0 
5,810 3.20 0.66 1.18 93.2 
6,000 1.80 0.62 1.08 90.8 
10,500 1.80 0.68 1.52 111.5 
12,100 1.80 0.68 1.75 111.0 
12,000 0.75 0.49 1.75 115.5 
11,100 0.75 0.44 1.56 114.3 
7,320 0.75 0.55 1.20 92.7 
10,930 0.50 0.67 1.34 1144 
13,620 2.40 0.63 1.70 129.0 
7,530 1.93 0.72 1.27 96.3 


in Table 1 are of samples No. 2 and 3. The 
analysis of No. 1 was similar to that of No. 2 
and wos used infrequently as a check. No gas 
disengagement in sampling lines or bottles 
occurred. The analyses were reliable to within 
0.04 p.p.m. 


Discussion of Results 


Many preliminary tests were carried 
out before the experimental technique 
was well developed and all leaks were 
corrected. Results are given in Table 1. 


EQUILIBRIUM TESTS 


In most series of runs an equilibrium 
test was included in which the side 
stream of water through the oxygen 
absorption bottles was shut off, In the 
equilibrium tests the dissolved oxygen 
content of the liquid samples should 
stabilize at the value corresponding to 
saturation at the temperature and oxy- 
gen partial pressure of the test. In Fig- 
ure 2 are shown the Henry’s Law con- 
stants obtained from the different test 
series and used in the interpretation of 
the results of this study. Included on 
the graph is an equilibrium curve based 
on literature data (5, 8). Agreement is 
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not perfect because of slight errors in 
measurements or analyses in the equi- 
librium tests. 

Graphs similar to those in Figure 3 
were prepared for all series. The 
straight line through the desorption test 
points in each series should intersect 
the 45° line at the concentration ob- 
tained in the equilibrium test. In most 
cases the agreement was close and indi- 
cated freedom from air leaks, as well as 
correct pressure readings and proper 
all-round operation of the column. If 
there was serious disagreement between 
Figure 2 and an equilibrium test or ap- 
preciable disagreement between the con- 
centration in the water in the equili- 
brium test and the extrapolated concen- 
tration, as in Figure 3, the series of 
runs was discarded. 


COMPUTATION OF H.T.U. 


The slopes of the best straight lines 
of inlet vs. outlet concentration, as in 
Figure 3, were found for each group 
of runs for which all of the other con- 
ditions had been held constant. From 
Equation (2) the natural logarithm of 
each slope is the N.T.U. for the corre- 
sponding operating conditions. 
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The N.T.U. values were plotted 
against packing height, as in Figure 4, 
for each group of runs for which all 
other operating variables were constant. 
They were found to fall substantially 
on straight lines, indicating uniform 
liquid distribution and liquid-gas inter- 
facial area. From Equation (2) the 
slope of each of these lines is the re- 
ciprocal of the H.T.U. of the packing 
alone for the corresponding operating 
conditions. 

As in Figure 5, the H.T.U. increased 
with the water flow rate but there was 
no consistent trend with any other var- 
iable. Curved line M is drawn towards 
the higher (more conservative) points 
and should be suitable for design pur 
poses. The curving suggests that an 
action comparable to loading may start 
at L = about 8,000 and similar to flood- 
ing at about 15,000. Straight line M’ 
fits low flow rates and its 
slope with other liquid film data. Its 
equation ts: 


agrees in 


H.T.U. = 0.078(L)°4 (3) 

Extrapolating the lines of Figure 4 
to zero N.T.U. gives the height 
of additional packing that would be 
equivalent to the end effect. These 
values, which have been included in 
Table 1, confirm the usual conclusion 
that end effects are appreciable for a 
short experimental column. The end 
effects were localized above the packing, 
since the runs with h = 2 ft. fall on the 
same straight lines in Figure 4, and they 
resided primarily in the drip below the 
distribution head, since No. 1 and 2 
samples were quite similar in oxygen 
content. The end effect depended con- 
siderably on temperature and slightly on 
flow rate, but the reproducibility was 
poor. Within ft. equaled 
0.01(t — 32), for tin ° F. 


Comparison of Results with Previous 
Studies 


Even though the gas flow in these 
tests was substantially zero, as well as 
varying with packing height, some 
agreement would be expected with re- 
sults of previous workers at low gas 
velocities under conditions such that 
liquid film resistance predominated. The 
principal results in the literature for this 
case are those for the stripping of oxy- 
gen from water by a stream of inert 
gas. 

Close agreemert could not be expected 
among’ the values of H.T.U. or Kya, 
because these quantities are affected by 
the nature of the packing. They also 
depend on the distributor system, the 
majority of previous workers not having 
corrected for end effects. 

Sherwood and Holloway (//) inves- 
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532 - 563 
567 - 594 
597 -618 +640-44 
620 - 639 
658 
68! -698 
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747 -757 
760 - 768 
769-777 
780 - 790 


LEGEND 


Oo TEMP °C. 

42 
30 

14-73 

38-79 
94 
68 
39 
16 
38 


oi— 


Fig. 2. Solubility of oxygen in water. Comparison between literature (8) and equilibrium-test data. 


tigated liquid film resistance in the 
desorption of oxygen, hydrogen, and 
carbon dioxide from water by a stream 
of air in Raschig rings and Ber! saddles. 
Either there was no correction for end 
effects or they were compensated for 


only in part. Their results are also 
shown in Figure 5. Agreement is seen 
to be fairly good in spite of the consid- 
erable range in packing size and type. 

Sherwood and Holloway correlated 
their results even better by plotting the 
ordinate of Figure 6 against (L/p). 
This correlation, however, spread out 
the results of the present study, yielding 
a higher line the lower the temperature. 
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This suggested plotting merely against 
L. Figure 6 shows that the vacuum 
results correlate close to one curve and 
somewhat better than in Figure 5. The 
points at low L with no loading agree 
closely with Sherwood and Holloway’s 
line A for a somewhat lower tempera- 
ture range. The equation is: 


(4) 

Molstad and co-workers (6, 7) stud- 
ied a large number of drip-point grid 
and some wood packings for stripping 
of various gases, using oxygen as a 
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standard for comparison with Sher- 
wood’s data. These studies also were 
made under conditions in which the 
liquid film resistance predominated, and 
end effects were not fully eliminated. 
Figure 5 shows that moderate agree- 
ment is obtained in spite of the rather 
high gas velocity. Vivian and Whitney 
(13, 15) used oxygen preliminary to 
experiments with chlorine and sulfur 
dioxide. Finally Deed, Schultz, and 
Drew (4) desorbed oxygen from air in 
a packed column at extremely low gas 
flow rates. As shown in Figure 5, fair 
agreement was obtained with Vivian 
and Whitney’s data and good agreement 
with those of Deed, Schultz, and Drew. 

The absorption by water of acetone 
vapor in air reported by White and 
Othmer (/4) is the only previous ab- 
sorption found on Stedman’ packing. 
Gas-film resistance was present, but 
their conclusion that the liquid-film co- 
efficients are not much dependent on 
packing size is substantiated by Fig- 
ure 5. 

Moderately close agreement is thus 
obtained between vacuum desorption 
from Stedman packing and the above 
mentioned liquid fiim controlled opera- 
tions with rings, saddles, and large 
shapes. Although when tested on the 
same operations at low liquid flow rates 
Stedman packing has a smaller H.T.U. 
than the above-mentioned packings, it 
appears to flood at lower rates than do 
the coarser packings. It seems likely 
that rough design of vacuum degasifi- 
cation columns can be carried out by 
employing liquid film coefficients from 
absorption or desorption columns using 
somewhat similar packing and tempera- 
tures, low gas velocity, and the same 
liquid velocity. 
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Notation 


d = differential operator 
= coefficient of diffusion—solute gas 
in liquid, sq. ft./hr. 
inert gos flow rate, 
(sq. ft.) 
height of packing, ft. 
height of packing equivalent to 
end effects, ft. 
Henry’s Law constant (lb. moles/ 
cu. ft.)/atm. 
over-all height of transfer unit 
using liquid phase driving 
force, ft. 


Ib./(hr.) 


J 
| 
| | 
| | 
j 
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INLET OXYGEN - PPM. 


1@) 1.0 1.5 2.0 2.5 3.0 3.5 
OUTLET OXYGEN - PPM. 
LEGEND 
TESTS 473-479 480- 485 
SYMBOL O A 


TEMPERATURE °F 


TOTAL PRESSURE MM. 
FLOW - LBS/HR/SQ. FT. 


EQUILIBRIUM TEST 
EQUILIBRIUM CALCULATED 
FROM PRESSURE 


OXYGEN PRESSURE MM. 


85.0 86.1 
23.0 18.0 
£4.0 50.0 
6660 6480 


Fig. 3. Relation between 
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tration of 


entering and leaving packing. 
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over-all coefficient based on par- 


tiol pressure, ib. moles, (hr.) 
(cv. ft.)(otm.) 
(koa) gos film coefficient, |b. moles 


(hr. (ew. ft. )(atm.) 


(Kia) = over-all coefficient based on con- 
centration, tb. moles/(hr.)(cu. 
ft.)(lb. moles/cu. ft.) 

(kia) liquid film coefficient, Ib. moles/ 


(hr.)(cu. ft.)(Ib. moles/cu. ft.) 
L = liquid flow rote, Ib./(hr.)(sq. ft.) 
= number of transfer units based on 
over-all driving force in liquid 
phase concentration units 


x; = concentration of solute in liquid 
entering tower, Ib. gas (Ib. 
water)(10") (p.p.m.) 

Xx» = concentration of solute in liquid 
leaving tower, tb. gas (Ib 
water)(10") (p.p.m.) 

X- = concentration of solute in liquid 


in equilibrium with gas phase, 
Ib. gos/lb. water 10°) (p.p.m.) 
viscosity (Ib.)/(hr.)(ft.) 
p = density, tb./cu. ft. 
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Legend for Fig. 5. ————_ 


Gos Temp. Packing 
Flow Hgt.-in. 


Sherwood and Holloway (11) 


in. 
A—0.5 Raschig rings. 100 
B—1.0 Raschig rings. 100 
C—1.5 Raschig rings. 230 
D—2.0 Raschig rings. 230 
E—0.5 Berl saddles... 100 
F—1.0 Berl saddles... 230 


Vivian and Whitney (13, 15) 


WT.U. 2.3 LOG (6, - 


in. 
1.0 G—1 tile Raschig rings 
(4-in. diam. tower).. 120 
H—1 tile Raschig rings 
PACKING NEIONT veer (14-in. diam. tower). 60 
I—1 tile ceramic rings 
(8-in. diam. tower).. 355 


LEGEND Deed, Schultz and Drew (4) 


in. 
J—0.5 ceramic Raschig 


TESTS 620-629 630-635 636-639 


Molstad, McKinney and Abbey* 
SYMBOL O A O K—No. 6295 drip point 

grid** 57) 27 
L—3.-in. partition tile** 570 27 


TEMPERATURE °F 111.4 10.4 
OXYGEN PRESSURE MM. 31.0 30.0 30.0 data. Other packings include 6897 ond 6146 


drip point grid, 3-in. single and triple spiral tile, 


TOTAL PRESSURE MM. 99.5 98.5 98.5 and wood grids with and without legs. 
LIQUID FLOW~-LBS/HR/SQ. FT. 12,950 7,890 4,680 * H.T.U. values corrected to 25° C. 


** Continuous flue arrangement. 
Fig. 4. Relation between number of transfer units and packing height at different liquid flow rates. Keeodier end Beaiile 


M—Stedman _ triangu- 
lar packing 
APPENDIX Legend—(See Fig- 


Problem—Application of Data to Design of Vacuum Decerators 


As an example of the procedure, find the depth of Stedman packing required for the 
following design conditions. Assume the same end effects as found in this study. 


DESIGN CONDITIONS 

Temperature == 63° 

Flow—g.p.m./sq.ft. = 25; Ib./hr.(sq.ft.) = 12,500 

Vacuum specified—28.7 in. Hg = 31.0 mm.abs.pres. 

Conc. of oxygen in liquid— Legend for Fig. 6. > 
Influent = 8.00 p.p.m. 
Specified effluent ile = 0.25 p.p.m. Gas Flow Temp. 
Equilibrium with gas phase xe (from Fig. 2) = 0.10 p.p.m. Sherwood and Holloway (11) 

Formula: A—1.0-in. Raschig rings 100 41.0 

2.3 log — xe)/(xe — B—1.0-in. Raschig rings 100 95.0 


= 
Knoedler and Bonilla 
CALCULATIONS C—Stedmon Triangular 
(xe — — Xe) = 52.7 Packing (See Figure Nil -52-111.4 


2.3 log — — = 4.0 2 for legend) 
(H.7.U. ox = 1.8 ft. (from Fig. 5) 


hiena) == (83 — 32)/100 = 0.5 ft. 
h + = = 4X 18 = 72 
Necessary pocking depth = h = 7.2 — 0.5 = 6.7 ft. 
(From experience it may be stated that this is a reasonable size of column for the job outlined.) 
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Fig. 6. Comparison of test data with results of Sherwood and Holloway (11). 


LIQUID FLOW RATE—LB/(HR) /(SQ.FT.) x 1000 
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Fig. 5. Comparison of test data with oxygen desorption results of other investigators. 


= 


5.1 


\ 


‘Ad - JINN BB4SNVUL 40 LHOIZH 


° 


so” 

| = 

2 3 5 6 7 8 9 10 1S 20 30 

| 

4.8 

is 32 33 34 9 40 8641 42 43 
} 3 Vol. 50, No. 3 — 


Oil-Shale Retorting Through Application 


H. F. Wigton and B. E. Laver 


single deposit of oil shale located 
A in western Colorado contains almost 
three hundred billion barrels of recover- 
able oil (7) and (14), an amount re- 
ported to be equal to several times the 
estimated reserve of liquid petroleum 
in the entire world (2). In spite of this 
huge, concentrated store of raw material 
with relatively easy accessibility and 
low mining cost, no process yet de- 
veloped has attracted private capital for 
a plant to produce oil in free competi- 
tion with liquid petroleum from the 
ground, 

Basically, the technical problem 
of producing oil from shale is that 
of separating a relatively small quantity 
of organic material from a fairly large 
body of inorganic residue, The prob- 
lem is complicated by the fact that the 
organic (kerogen) material in the shale 
is a solid almost insoluble in most or- 
dinary solvents (3). However, by 
thermal action, retorting, the kerogen 
is partially converted to gaseous and 
liquid organic materials removable as 
vapor. 

To retort shale successfully has been 
a perennial chailenge to the chemical 
engineer, In the retorts which have 
been developed for the purpose, the high 
price of the equipment, the excessive 
heat requirements, the poor yields, the 
semisolid nature of the products, and 
the general mechanical difficulties have 
all conspired to make the operation a 
gamble in which the stakes have been 
fantastic but the returns, to date, 
disappointing, 

By using the fluidized-solids tech 
niques and securing, through their use, 
the high heat-transfer rates peculiar to 
them, an improved retort has been de- 
signed and operated for the production 
of shale oil. 


The Current Practices of Retorting 


Although many designs of retorts 
have been built to use cross flow, belt 


H. F. Wigton is with Du Pont Company, Wil- 
mington, Del. 
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conveyors, tunnel heaters, and various 
other mechanical patterns of operation 
(4) to (7), only four fundamentally 
different retorts have been 
proposed : 


types of 


1. Gas-producer types 
2. Gas- or vapor-heated types 
3. Solids-recycle types 
4. Closed or coke-oven types 


In a gas-producer type of unit, hot 
combustion gases are formed within the 
retort by burning some of the organic 
material or carbonaceous residues, or 
both, with air. The hot combustion 
products, passed into the raw shale, 
heat it by direct contact, (8&8, 6, 7). One 
significant disadvantage of this type of 
retort is that combustion products and 
recycle gases so dilute the oil-shale 
vapors that the product is difficult to 
recover, The recovery of valuable light 
becomes uneconomical and any 
direct vapor-phase treatment of the 
shale-oil vapors is precluded. Further, 
since free circulation of gas is necessary 
for the operation of this retort, the 
size of particles of shale which can be 
treated must be greater than about 34 in. 
The long time required to heat a coarse 
lump of shale to its center results in 
low capacity, low thermal efficiency, 
incomplete retorting, and uncontrolled 
cracking of the evolved shale vapors, 
The recovered product is likely to be a 
highly viscous oil, while the light ends 
are lost by overcracking, burning, and 
venting, 

In the gas- or vapor-heated type of 
retort, the shale, held in a fixed or 
slowly moving bed, is retorted by super- 
heated steam or hot recycle gas heated 
in an external furnace (10, 7). 
Except for product dilution, which is 
much minimized by the substitution of 
steam for noncondensable gases, this 
retort has general limitations similar to 
those of the gas-producer type of retort ; 
steam as a heating medium introduces 
additional difficulties. 

The heat supply in the solids-recycle 
type of retort is delivered by recycling 
hot, burned, spent shale into the retort, 


ends 
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approximately 10 Ib. of recycle solid 
being required to retort 1 Ib. of raw 
shale. Hot shale is mixed with raw 
shale in a fluidized bed. In this retort 
the necessity for recycling large quanti- 
ties of solids multiplies the problems of 
stripping residual gases from the solids, 
lowers the yields, increases the difficulty 
of control, and imposes serious mechan- 
ical problems. 

The coke-oven type of retort is char- 
acterized by heat transfer through the 
retaining walls, although it may have 
part of the heat introduced as steam 
directly into the shale mass (5, 8). The 
closed retort, which can handle either 
lump or ground shale, eliminates several 
of the disadvantages of the gas-producer 
type, notably the difficulties caused by 
dilution of the product. 

When lump shale is retorted in a fixed 
bed, the low rate of heat transfer to 
beds of broken solids results in low 
capacities for the unit and high capital 
outlay per unit of capacity. Substitu 
tion of a moving bed causes mechanical 
complications—feeding and discharging 
a lump solid without breaking the gas 
seals. In either case the temperature 
required to drive heat through the wall 
and then into a massive solid is exces- 
sive; thus the possibility of using metal 
retaining walls for the retort is 
eliminated. 

The use of fine particles in a closed 
retort should give the same general 
advantages of coarser ones in the same 
type of equipment, that is, an oil of a 
vastly superior quality, gas of high 
enough heating value to be commercially 
useful, by-products recovery, and other 
advantages due to elimination of inert 
gases for heating. 

There are two techniques for using 
the closed retort to treat ground shale— 
one in which the bed is either fixed or 
settles slowly through the retort, the 
other in which the bed moves rapidly 
enough to create internal circulation of 
particles, fluidized bed. 

In a closed retort the fixed or slowly 
moving bed of finely divided solids has 
disadvantages similar to those of a 
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: 


fixed bed of lumps. These are due to 
the extremely low rate of heat transfer 
to a fixed bed of any thickness and the 
resulting necessity for high wall temp- 
eratures. The fluidized bed in a closed 
retort has all the advantages of the 
closed-retort treatment and also, because 
of the excellent heat-transfer rates to 
a fluidized solid (11, 12, 13), has large 
capacities without excessively high wall 
temperatures. Hence metal retaining 
walls are feasible. 


THE PROBLEM 


A number of patents cover various 
phases of retorting oil shale in a fluid- 
ized bed (75), but the authors do not 
know of any published details of the 
construction or operation of a retort 
combining in a single unit a fluidized 
bed for retorting shale, internal com- 
bustion of retorted shale, and heat trans- 
fer through a metallic wall separating 
the two zones. A practicable retort hav- 
ing these features was constructed and 
operated continuously for the produc- 
tion of shale oil. 


Apparatus 


The retort required the following parts: feed 
device, including a method of controlling the 
rate of feed as well as of introducing feed to 
the reactor; a raw-shale preheater; a shale 
retort; a vapor-solids separator; ond a combus- 
tion section in which heat could be generated 
for retorting. 

By experimentation the retort shown in Fig- 
ures 1, 2, and 3 was developed. It is de- 
signed to permit shale to enter near the bottom, 
flow progressively upward through three pre- 
heating zones, pass through an annular re- 
torting zone, and overflow into a stripping 
zone, which serves as a standpipe to feed the 
combustion zone. The bed level of solids in 
the combustion zone is automatically controlled 
by the combustion-zone overflow lines, through 
which all the products of combustion are 
out of the retort. 

A stepwise flow of solids upward through the 
preheating zone is effected through a series of 
constrictions in the cross-sectional area normal 
to the upward flow, the velocity of gases through 
such a constriction being sufficient to transport 
the particles upword. The solid particles enter- 
ing the lowest fluidized preheating zone phys- 
ically displace some of the solids already pre- 
sent in the zone so that these solids are trans- 
ported upward through the constricted area and 
into the next zone. In this manner the advan- 
tages of both dense-phase fividization (high 
heat-transfer coefficients) and countercurrent 
operation (high thermal efficiencies 
driving-temperature differences) are obtained. 

The retorting zone is the annular space be- 
tween a 3-in. O.D. tube and 3'-in. 1.D. tube, 
the combustion zone is inside the 3-in. tube, 
and the stripping section is a 6-in. length of 


and high 
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1%-in. O.D. tubing. The combustion-solids feed 
valve, which is located within the stripping 
zone, is ‘4-in. pipe welded shut at the end and 
seated by grinding into an open section of 
pipe. 

The combustion-products discharge tubes con- 
sist of six %-in. tubes 11 in. long, closed at the 
top, each with four 3/16-in. holes drilled in the 
side near the top to maintain automatically 
the bed level of solids. These discharge lines 
poss through a metal plate ‘4-in. thick which 
forms the bottom of the combustion zone. From 
the bottom of this separating plate these tubes 
extend downward and comprise the heat ex- 
changer of the shale-preheating unit. The com- 
bustion air enters the system through a %-in. 
O.D. tube which passes upward centrally through 
the preheating section ond enters the bottom 


of the combustion zone. 

The combustion-zone thermocouple well serves 
as an inlet tube through which the combustion 
zone can be initially charged. A manometer 
connected to this line indicates the pressure in 
the top of the combustion zone. 

The shale enters the retort through a valve 
constructed of ‘s-in. pipe in such a way that an 
opening in the horizontal pipe will exactly fit 
a vertical pipe only at one position. The open- 
ing can be varied by turning the horizontol 
The feed standpipe is a 54t. length of 
3-in. drainpipe. 

A vapor-offtake line of ‘4-in. pipe leads hori- 
zontally from the stripping zone into a vertical 
air condenser which consists of a 3-f. section 
of 2-in. O.D. 18-gauge steel tubing joined to 
the first water condenser, which discharges into 
Light ends are collected 
in a series of four water-cooled condensers which 


1-in. diom. cyclone. 


follow the recycle-gas blower. 

Measurements of gas flow, temperature, and 
electrical power input were mode respectively 
with Fischer and Porter flowraters, a Leeds and 
Northrup multipoint recorder, 
Model 531 AC wattmeter. 

The dimensions of the several sections and 
their areas are as follow: 


and Westo» 


Preheating section: 1%4-in. O.D.; 
Superficial inside area 
Free cross-sectional oreo ........ 
Cross section of baffle opening 


15'%-in. long 


ELECTRIC 
HEATERS 
COMBUSTION —+ 
ZONE 


LOWER 


ZONE 


PREHE ATING<—-- 
ZONE 


STANDPIPE AIR 
SIGH TGLASS 


~~" FEED CARRIER GAS 
RECYCLE GAS 


COMBUSTION AIR 


COMBUSTICN- — 
PRODUCTS 
COOLER TUBES 


SHALE 


Fig. 1. Details of oil-shale-retort construction. 


SHALE SAMPLES 


Oil shales from the Colorado deposit 
vary widely in organic content and char- 
Only shale from the minable-bed 
deposit which is currently being worked 
by the U. S. Bureau of Mines Demon- 
stration at Rifle, Colorado, 
gated. -This deposit averages 
of oil yield/ton of shale. 


actet 


was investi- 


30 gal. 


The oil shale was ground in a 1- by 
2-ft. rod mill containing a charge of 
200 Ib. of 34- to 1'4-in. diam. steel rods 
The the sample used is 
shown in 


size range of 


Table 1. 


Heat-transfer surface of tube bundle (inside area of six %-in. tubes; 15% in. long) . 


Retorting zone: Annular space between 3-in. O.D. and 3'%-in. 


volume 0.0296 cu.ft. 
Superficial cross-sectional oreo ... 


1.0. tube; length 20 in.; 


Area through which heat is from the combustion zone (8-in. of din. 


tubing plus 3-in. disk) 


Stripping section: 
Superficial cross-sectional orea 


Combustion zone: 3-in. 0.0. tubing; 20 in. long 
Superficial cross-sectional area 
Free cross-sectional oreo . 


1%-in. O.D.; 6 in. long (less cones) 


Area through which heot is wendiened to retorting zone (8-in. length of 3-in. tubing 


plus disk 3-in. 1.0.) 


Combustion products cooling: Bundle of six %-in. tubes, 15% in. long. 


Disengaging section: 6-in. 1.D., 8 in. long. 
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Fig. 2. Flow chart—oil-shale-retorting system. 


Table 1.—Screen Analysis of Oil Shale 
Weight 


PROCEDURE 


The top of the retort was opened to the 
atmosphere, and recycle-gas, stripping-gas, and 
purge-gas lines were opened. The solids valve 
in the stripping section, which controls the solids 
flow in the combustion zone, was closed during 
the start-up period. The recycle blower was 
started and the manifold pressure adjusted. 
Raw shale was charged into the unit via the 
initial-feed mechanism until the stripping section 
was filled, depth of solid being indicated by 
the manometer reading. Electrical heat was 
then applied to the unit and the top of the 
retort was connected to the condensing system. 
The heater was then adjusted to maintain the 
average retorting temperature in the retorting 
zone, thus compensating for heat loss through 
the outside walls of the retort. Except for the 
electrical heater, the unit was then shut down. 

The condenser bottles were changed and the 
standpipe was drained and refilled with shale 
from the weighed sample. The blower was 
started and raw shale was fed slowly into the 
unit. The solids-feed valve controlling delivery 
to the combustion zone was opened and the 
combustion air set at a nominally low value. 
As soon as the overflow of solids from the com- 
bustion zone became visible at the solids-dis- 
charge line, the feed rate and combustion air 
were increased. After initial regulation the 
combustion-cir and solids-feed rates were held 
constant through each run. 

The run was terminated by closing both the 
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Fig. 3. Control panel for oil-shale retort. 


(Run at 970° F.) 


Total shale processed 
Total operating time 
Total organic material t 
Total available oil (by Fischer assay) 2.4 Ib. 


Total oil collected 


Total discharged shale 
Heat to retorting zone 
Electrical heat to retorting zone 
Heat to preheating section 


Not calculated 


1,100 Ib. shale/hr.sq.ft. 
500 Ib. raw shale/hr.sq.ft. of cross-section 
300 Ib. raw shale/hr.sq.ft. of cross-section 
Heat transfer requirements: 


1.28 X 54 sah. deys/ten of shale 


20 X 24 


32 B.t.u./hr.sq.ft.° F. 
11 B.t.u./hr.sq.ft.° F. 


Run at 920° F. 


Total operating time 

Total organic material 

Total available oil (by Fischer assay) 

Total oil collected 

Yield 

Total water collected 

Total air 

Total discharged shale 
Heat to retorting zone from combustion zone 
Electrical heat to retorting zone 
Heat to preheating zone 


16,750 


1,100 ib. shale/hr.sq.ft. of cross-section 
500 Ib. raw shale/hr.sq.ft. of cross-section 


Combustion rate 
300 Ib. raw shale/hr.sq.ft. of cross-section 


Over-all rate 
Heat transfer requirements: 


1,28 X 2000 _ 5 4 sqft. doys/ton of shale 


20 X 24 
Heat transfer coefficients: 


24 B.t.u./hr.sq.ft.° F. 
10 B.t.u./hr.sq.ft.° F. 
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AIR 
ESSURE | mee » 
Tyler mesh per cent 
size retained 
Table 3. 
——~ 


Teble 5.—Shale-Oil Distillation 
Crude Shale Oil Retorted at 970° F. 


Topping Redistillation 
Vapor Vapor 


1.B.P. 210° F. 1.B.P. 198° F. 
% 


2.5 250 

7.5 310 
10 318 
15 350 
20 372 
25 408 
30 438 
35 464 
40 490 
45 508 


# 


95 
550 50 520 99 EP. 
Vieces! 
3 mil. residue, 2 mil. loss 
Viscosity 92 Saybolt Universal Seconds Viscosity 170 Saybolt Universal Seconds 
ot 100 F at 70° F. 


1 ml. residue, no loss 


SSSSSSESSSu 


Viscosity 170 Saybolt Universal Seconds 
ot 70° F. 


valve to the combustion zone and the one feed- 
ing the retort. The bleed-gas and by-poss.valves 
were opened simultaneously. The blower was 
stopped when the manifold pressure reached 
1 or 2 Ib./sq.in. The electrical heater was 
then turned off. After the unit had cooled, ZONE 0.036 LB. COKE 
the combustion zone was emptied of solids, and 


COMBUSTION ZONE 


the stripping section was drained into a sample st . — 
container. The oil which had been collected . ecu neveseen 
was weighed and all of it except the light ends 30 6.7. U. SENSIBLE HEAT 
TO SHALE 
was redistilled. TU SENSIBLE HEAT 
TO Gases 
2058.TU TRANSFERRED 


PERFORMANCE 


The performance of this unit is shown 
in Tables 2 and 3. The properties of 
the oils produced are shown in Tables 
4 and 5. Material and energy balances 
are given in Figure 4. 

Thus, in a laboratory-scale retort for 
oil shale, both retorting and combustion 
have been simultaneously conducted in 
separate fluidized beds, and there has 
been no admixture of combustion gases 
with the vapor products nor of spent 
shale with fresh shale. _ 

High yields of a low-viscosity oil, 
high thermal efficiencies, high heat- 80.5% ASH 
transfer coefficients, short residence time 
and phenomenal throughput of shale 
per unit cross section, good combustion 
of the residual carbon in the shale, ex- asnee. ane 
cellent control, no char formation on 
the heating surfaces, and smooth con- 
tinuous operation were all characteristic 16 LB. SOLIDS OUT 

The several fundamentally important 
advantages of this method follow: 


1. The residence time and temperature 
can be varied at will, and hence the Fig. 4. Material and energy balance of oil-shale retort operated at 970° F. 
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> Crude Shale Oil Retorted at 970° F. 
vapor liquid vapor liquid 

1.B.P. 175° F. 270° F. 

267 
5 320 405 180° F 235° F 
ie 10 355 440 285 320 356 

- 15 385 475 335 360 375 
a 20 415 515 360 380 308 

shee 30 490 600 385 410 400 

at 36E.P. 520 640 410 430 410 

3.25 

0.009! MOLS) 
21 SOLOS 

% COKE 

BUS TION 
OUCTS 

COKE 

i 092 MOLS GaS 


history of the oil shale can be kept 
under control at all times. This fea- 
ture has not been duplicated in any 
other process. 

The recycle gas requirements for 
fluidization are very low, and this 
recycle gas is not subjected to ex- 
cessively high temperatures; hence, 
without dilution of the gases or 
vapors, the recovery of valuable light 
ends can be virtually complete. 
Because of the excellent heat-trans- 
fer rate to a fluidized bed the capac- 
ities can be made large without high 
wall temperatures. Lower wall temp- 
eratures permit the use of light- 
gauge steel for construction, give 
lower thermal losses by radiation or 
convection, and keep the temperature 
below the decomposition tempera- 
tures for carbonates. Hence thermal 
through that channel are 
minimized. 


losses 


The shale, being finely divided, can 
be easily divested of the bulk of its 
carbonaceous residue in the produc- 
tion of heat. Combustion is rapid at 
temperatures as low as 900° F. 


This type of retort does require that 
the shale be ground, but grinding costs 
are not prohibitive. 


ESTIMATED COMMERCIAL COSTS 


By extrapolating the actual perform- 
ance data of this laboratory unit and 
using recently published equipment costs 
and estimating factors (16) and (17), 
the following costs for a commercial 
retorting plant handling 20,000 tons/day 
of shale are obtained. 

All the cost data have been corrected 
to an Engineering News Record index 
of 550, which is approximately the cur- 
rent value. 


Heat-transfer surface 5.4 * 20,000 = 108,000 
Cost df steel heat exchanger with stainless 
Installed reactor cost 


Compressor requirements: 90,000 cu.ft./min. air 
20,000 cu.ft./min. recycle 


sq.ft. 
steel tubes 


Cost of turbo blower handling 45,000 cmf ot 64 ... 


Installed air compressor 
Installed gas blower 


Total 


Plant costs (using mult. factor of 2.55) 


Condensing System: Figured as crude topping plant 


Contingency 


TOTAL INVESTMENT 
Retorting 
Grinding 


$3.5 million 
2.6 million * 
4.5 million * 


An estimate of retorting costs based on one doy of operation follows 


Depreciation 
Main reactor (1 yr.) ; 
Rest of plant (10 yr.) ... 
Operating labor ......... 
Maintenance labor 
Salaried personnel ...... 
Overhead 
Utilities 


Insurance 


Interest at 
Contingencies 


Cost of retorting 1 ton of shale 


Cost of mining and crushing 1 ton of shale .... 


Cost of grinding 1 ton of shale 


Total cost of processing 1 ton of shale (30 gal. oil) 


Total cost of producing | bbl. of oil (42 gal.) 


* Bureau of Mines estimate. 


Tt Estimate of Marcy Mill Division of Mine & Smelter Supply Company. 
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Conclusion 


Finely ground oil shale can be com- 
pletely retorted in a fluidized bed at 
rapid rates under controlled conditions, 
with both the raw and retorted shale 
remaining particulate and free flowing 
at all points in the process. Shale re- 
torted under these conditions contains 
more than enough carbonaceous residue 
in an available form to supply the fuel 
requirements for the entire process, and 
the combustion of this carbonaceous 
residue in a fluidized bed is extremely 
rapid. 
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separations are normally 
conducted batchwise b, saturating 
and eluting a fixed bed of resin. This 
process has the usual disadvantages of 
a cyclic operation, producing variable 
effluent concentrations as well as being 
complex and time consuming. In an at- 
tempt to eliminate the shortcomings of 
the cyclic process, Stanford Research 
Institute has undertaken an investigation 
of continuous ion separation by means 
of countercurrent contact between resin 
and solution. 


Fundamental Theory 
GENERAL 


The separation of ions by ion ex- 
change operates by the transfer of ions 
between a solid-resin and a fluid-solution 
phase. The differences in affinities of 
the resin for the ions to be separated, 
say ions A and B, lead to an enrich- 
ment of the less strongly held, say A, 
in the fluid phase and of the other, B, 
in the solid phase. In countercurrent 
operation the phases move in opposing 
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Continuous Countercurrent lon 
Exchange with Trace Components 


N. K. Hiester, E. F. Fields, R. C. Phillips, and S. B. Radding 


A design theory based on kinetic and equilibrium considerations was developed 
for countercurrent ion exchange under trace conditions. Equipment was designed 
to provide continuous countercurrent contact between a moving bed of ion-ex- 
change resin and the solution to be treated and was evaluated experimentally 
by the separation of trace ionic components in a feed solution. Contact efficiency 
at low flow rates was improved with a vibrated-screen assembly which was im- 
mersed in the moving bed and which produced continual reorientation of the 


resin particles. 


The data were correlated by an equation relating the height of a transfer unit 
to operating variables and the characteristics of the resin-ion system, and the 
results are given in graphical and tabular form. 


directions, and thus the majority of the 
separated components A and B are car- 
ried to opposite ends of the contacting 
apparatus. In order that both product 
streams be fluid, it is necessary that 
ion B in the resin phase be retransferred 
to a solution. This requires a third com- 
ponent, say ion G, to elute or remove B 
from the effluent resin. 

Thus in the simplest ion-exchange 
separation system, three components 
(ions A, B, and G) and two phases 
(resin and solution) are involved, The 
only design theory that 
available to handle this complex system 
is the trace theory. As defined by Ver- 
meulen and Hiester (/2), the exchange 
of a trace component takes place when 
a resin saturated with a gross component 
(G) contacts a 
very small concentration of component 
A (and/or B) in the presence of a very 
large concentration of component G. 
This leads to a linear relationship be 
tween the concentration of component A 


is presently 


solution containing a 


on the resin and its concentration in 


solution at equilibrium. The exchange 
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reaction for this case may best be repre- 
sented as 

At++G- (1) 
with the equilibrium constant Kyg for 
this reaction being defined as 


resin = G* +A resin 


(A+ resin) (GT) 


(At)(G (4) 


K = - 
a * resin) 


Similar relations can be obtained for 


trace component B. 


MECHANISM AND RATE OF IONIC TRANSFER 


In the exchange adsorption denoted 
by the chemical reaction, Equation (1), 
a sequence of ionic processes is involved 
in order to replace ion G on the resin 
by ion A in the fluid. These processes 
may be grouped into the following three 


steps: 


1. External counterdiffusion of A and 
G through the fluid film surrounding 
the resin particle. 

2. Exchange or “surface reaction” of A 
and G. This takes 
place so rapidly that it does not af 
fect the rate of exchange (1) 


step normally 
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3. Internal counterdiffusion of A and G 
through the homogenous gel struc- 
ture of the resin particle. 


The effective rate of exchange will 
evidently be controlled mainly by the 
step that exerts the largest resistance 
to transfer and is therefore inherently 
the slowest. Obviously the rate equation 
is simplified by neglecting all but this 
rate-controlling resistance or by combin- 
ing all the steps into one effective step 
with a single apparent rate. 

Actually the rate relation for each of 
these conditions has the same general 
mathematical form, differing only in the 
specific definition of the rate constant, 
K,. The form of the generalized equa- 
tion, originally published in reference 
(12), has been modified to present the 
resin and solution concentrations as 
equivalent fractions rather than directly 
as normal concentrations. In this form 
the equation is more closely analogous to 
equations derived for other diffusional 
rate processes: 


d(v4) 
dr 


particle 


where y, is the equivalent fraction of 
component A on the resin with respect 
to Q, the total ionic capacity of the resin 
per unit weight on an oven-dried basis ; 
r is the residence time of the resin par- 
ticle within the contacting zone; K, is 
a generalized transfer coefficient for A 
exchanging with G, in reciprocal time 
units; fg is the void fraction of the 
total volume of the contacting zone and 
is equivalent to the fraction of the total 
volume occupied by solution ; conversely, 
(l1—f,) is the fraction of the total 
volume occupied by resin in the contact- 
ing zone; pp is the density of the resin 
expressed as oven-dried weight per unit 
volume of swelled resin; #4 is the equi- 
valent fraction of component A in solu- 
tion with respect to the total ionic con- 
centration of the solution, cy; M, is the 
slope of the equilibrium line on a y— + 
plot as defined below. 

Equation (3) may be simplified by the 
use of the dimensionless distribution 
ratio, or partition coefficient, D, as de- 
fined in reference (12): 


= fa) 


D,= (4) 


The modified Equation (3) then be- 
comes 


| 
dr particle D, M, 


(5) 


In terms of the individual mass-trans- 
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fer coefficients, the corresponding equa- 
tions are 


dr particle 


M 


for fluid film diffusion and 


d(y 
= (ky) pap [(¥4)i— Yat 
particle 


(7) 


for particle film diffusion, where (k4) ¢ 
and (k4)p are the mass-transfer coeffi- 
cients, in velocity units, based on fluid 
and particle diffusion respectively; a, 
and ap are the transfer areas per unit 
volume of contacting zone for diffusion 
through the fluid and particle re- 
spectively; and the subscript i denotes 
the interface. The term M,/D,, which 
is the ratio of the total equivalent capa- 
cities in the fluid and in the solid phases, 
is required in Equations (5) and (6) to 
put them on a consistent basis, i.e., in 
terms of the particle. The relations be- 
tween the generalized over-all rate con- 
stant K, and the individual transfer 
coefficients are easily obtained from 
Equations (5) and (6) or (7), because 
at the interface 


= 
dr particle 


M, Kz 
_ Ya*/Ma—a/Ma 
D, 1 1 
M, (ky) pap M, (k4) pap 
D, l 


(8) 

and thus 

1 1 1 

Ka Da Chad 
(9) 


EQUILIBRIUM RELATIONS 


In terms of equivalent fractions, the 
mass-action equilibrium relation, Equa- 
tion (2), takes the form: 


Ks (10) 
where *g/Yq is a constant under trace 
conditions. 
This leads to the equilibrium relations 


= Mar, (11) 
or 
Ya 
Sas \ 
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where 


M,= Kuave 3 

These are Henry's law (or linear iso- 
therm) forms, since M,, the slope of 
the equilibrium line or the distribution 
coefficient, is a constant for a given 
trace-exchange system. 

It should be noted that this form is 
equivalent to that obtained by setting the 
rate equation (5) equal to zero, ie., 
assuming that the rate of exchange is 
zero or that the system is in equilibrium. 


Design Considerations 
COUNTERCURRENT OPERATION 


In continuous countercurrent practice, 
a stream of ion-exchange resin of con- 
stant composition (¥4)enrr is fed into 
the top of a countercurrent contacting 
section at a constant volumetric rate of 
flow Rp and is removed from the bottom 
of the section at the same rate. Simul- 
taneously, a solution stream of constant 
composition (24) is introduced into 
the bottom of the section at a constant 
volumetric rate of flow Ry and at this 
same rate passes up through the column 
countercurrent to the resin and leaves 
the top. Diagrammatically this is shown 
in Figure 1 for a column having a height 
h and cross-sectional area S. Here 
(+4 is the composition of the efflu- 
ent solution after it has passed through 
the column, which has a total inventory 
of resin hS(1 — fg), and (y4) eri is the 
composition of the effluent resin. The 
residence time for a resin particle in the 
column is the ratio of the total resin 
inventory to the resin flow rate. 

There are two methods for predicting 
these exit compositions, the first, or dy- 
namic, method based on the rate equa- 
tion (5) where r is the statistical resi- 
dence time of a resin particle in the 
countercurrent section and the second 
based on the assumption that the section 
is made up of a finite number of equili- 
brium contacts (similar to plates in a 
distillation column). 


DYNAMIC METHOD 


For the dynamic approach, a conser- 
vation equation and boundary conditions 
are needed in addition to the rate equa- 
tion. At the steady state, i.e., no accumu- 
lation or depletion of A at any cross 
section in the column, the following 
differential material balance equation 
applies : 


d(y d(x 


This equation, in conjunction with the 
generalized rate equation (5) and the 
boundaries indicated in Figure 1, is now 
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sufficient to define the behavior of this 
system. Colburn (3) has given the 
solution for a set of analogous equations, 
and in the present case the result is 


E, tn E,(1—y4) K ASf, 
1—E, Ry 
= (Nt4) or (14) 


where (Nt,)oy is the number of over- 
all transfer units, based on the fluid film, 
as defined by Chilton and Colburn (2) 
and where y, is related to the terminal 
solution and resin concentration as fol- 
lows: 

)entr (44 ) exit 


(44) entr — (44*) 


(¥4)ente (Va) est 
E, ntr JA erit (15) 


(V4 )entr — (Ya*) cote 
Here 
(4 4* exit = (Va) entr/Ma 
from Equation (12) and 
erie = entr 
from Equation (11). 


It will be observed that y, is the degree 
of approach to equilibrium transfer of 
component A in the solution phase, while 
the degree of approach in the resin phase 
is y4/E,4, because the resin concentra- 
tions are expressed on a different basis 
from that used for solutions. 

The value of Ey, in Equations (14) 
and (15) is the ratio of the slope of the 
equilibrium line to the slope of the oper- 
ating line on a McCabe-Thiele y — x 
type plot. In terms of the opcrating 
variables concerned, this ratio is defined 
as 


Rp/A- fe) 
Re/fe 
(16) 


M, 
A 


Rpes/RpppQ 


It will be noted that the multiplier of 
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Fig. 1. Simple countercurrent operations. 


D, above is the ratio of the linear resin 
velocity to the linear solution velocity. 
When Equation (14) is used to replace 
K, in Equation (9), it becomes 


Ry” 

| 
D, (ka) pap 


By analogy to the definition of the 
over-all number of transfer units, the in- 
dividual transfer units should be the 
product of the film coefficient and resi- 
dence time for the phase of interest. 
Thus 


hs 
(Nta)p = (ha) (18) 
\p 
for fluid-film diffusion controlling. 
hS(1—i 
(Ntg)p = — (19) 
\p 


for particle-film diffusion controlling. 


Substituting these into Equation (17) 
and utilizing Equation (16) give the 
relation between the various transfer 
units as 


1 1 l 
(Ntaor (Nta)p BE,(Nt, \p 
(20) 


EQUILIBRIUM CONTACT METHOD 


Where discrete stages are involved in 
countercurrent contacting of resin and 
solution, the relations established by 
Kremser (8) for absorption of lean 
components can be converted to ion- 
exchange nomenclature. Under the 
assumption that complete equilibrium is 
attained in each discrete stage, the rela- 
tion for the degree of approach to equi- 
librium transfer is 


A 


(21) 
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Fig. 2. McCabe-Thiele diagram for trace countercurrent ion exchange. 


where Ny is the number of equilibrium 
contacts between the two phases. Rear- 
rangement of Equation (21) gives a 
more appropriate form for determining 
Ne from and By, 


In E, 


The relation between theoretical con- 
tacts and transfer units is directly 
analogous to the relation in distillation; 
i.e., one theoretical contact produces a 
change in solution composition equal to 
the driving force at the point where 
the resin leaves the r*; 
whereas one transfer unit produces a 
change in solution composition equal to 
the average driving force, (4 — 4*) 
A transfer unit and theoretical contact 
will be identical only when the slopes of 
equilibrium line and operating line are 
the same, i.e., = 1. 

An exact relation between the number 
of transfer units and equilibrium con- 
tacts can be obtained by eliminating y, 
between Equations (14) and (22) to 
give 


section, aA 


(Nt, )or In Ey (23) 
N Cc E, l 


DESIGN CRITERIA 


The McCabe-Thiele graphical method 
may be applied to the design of equip- 
ment for the separation of trace compo- 
nents by countercurrent ion exchange. 
Figure 2, for instance, illustrates the 
relation between the operating line and 
equilibrium isotherm when a trace ion A 
is being transferred from the solution 
phase to the countercurrent resin stream. 
The horizontal distance between the two 
lines represents the over-all driving 
force for ionic transfer based on the 
fluid film. The number of transfer units 
may be determined graphically, as indi 
cated in Figure 3, by the procedure sug- 
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Fig. 3. Graphical deter- 
mination of number of 
transfer units. 


Fig. 4. Separation of trace 
components with two theo- 


retical contacts. 


(« 
exit x 


gested by Selke and Bliss (10), although 
the use of Equation (14) to obtain 
(Nt,)op is much more convenient. 

The number of equilibrium contacts 
required to reduce the concentration of 
A from its feed value to the desired exit 
concentration may also be found graph- 
ically by stepping off the stages in the 
conventional manner or by using Equa- 
tion (22). 

For ionic transfer from solution to the 
resin, #.¢., saturation, the operating line 
will lie below the equilibrium line. In 
order to have nearly complete removal 
of ion A from a feed solution, the en- 
tering resin must be nearly free of A, 
the slope of the equilibrium line must 
be greater than the slope of the operat- 
ing line (1.¢., M4 > Rpcy/RpppQ), and 
a large number of contacts will generally 
be required. Conversely, the operating 
line will be above the equilibrium line 
for elution or stripping of ions from the 
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resin. Nearly complete regeneration re- 
quires an eluting solution free of the 
component concerned, a large number of 
contacts, and a slope ratio such that 
M4 < Rycy/RpppQ. 

A hypothetical separation of trace 
ions A and B is illustrated in Figure 4 
for a saturation section having two 
theoretical contacts. The two ions are 
present in equimolar concentrations in 
the feed, and the entering resin is free 
of A and B. The operating lines for 
the two ions are parallel. Because the 
slope of the equilibrium line for B is 
greater than for A, the concentration of 
the solution is reduced much further in 
B than in A. Thus the effluent solution 
is enriched in A, and the effluent resin 
is enriched in B. 

The maximum slope of the operating 
line, the Rpcy/RpppQ ratio, which will 
give the desired effluent solution con- 
centration may also be determined 
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in Figure 2. 


METHOD OF CORRELATING DATA 


A correlation of continuous-ion-ex- 
change data involves the relation of the 
height of a transfer unit to the Rey- 
nolds and Schmidt numbers and other 
dimensionless parameters. This correla- 
tion is based on Equation (17), which 
relates the over-all number of transfer 
units to the fluid and particle-film coeffi- 
cients kp and kp. 

The fundamental definitions of the 
film coefficients are 


(kale = (24) 


(ka)p = (25) 


| 


where (D4)p and (D,4)p are respec- 
tively the counterdiffusivities of ions A 
and G in the fluid and in the particle 
and where By and Bp are the effective 
thicknesses of the fluid and particle 
films. 

The effective transfer area per unit 
volume of bed has been assumed to be 
identical for both the fluid and particle 
films ; i.¢., @ = ay = ap. Moreover, this 
transfer area has been assumed to be the 
phase interface or the surface of the 
resin particle. Using these assumptions 
Ergun (5) has shown that 


dp (26) 


Taking into account Equations (24 
to 26), Equation (17) may then be 
modified as follows: 


dp Bp 
O6(1—fp) 
1 dp Bp 


™ 

After one multiplies through by 1/dp 
to obtain ratios of film thickness to par- 
ticle diameter and by [a(D,4)pD,] to 
obtain a dimensionless form, rearrange- 
ment of terms leads to 


dpky 
(D4)p Bp Bp 


28 


It has been noted (2, 13) that the 
fluid-film-thickness ratio, By/dp, varies 
inversely with the Reynolds and Schmidt 
numbers, although the particle-film- 
thickness ratio, Bp/dp, is assumed to be 
a constant for spherical particles. Thus 


Bp 


- = a constant, B (29) 
dp 


graphically as shown by the dashed line 
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B 
= a(Re) 


my ) 
dp 


(30) 


where a is a constant of proportionality, 
m and n denote powers, aud 


Re = 
R Rp 7] 
dpf 4 p 
=/— — fe (1 — fx) - 
dpRyp Rp/(1— fg) 
(31) 


and 


Sc = - (32) 


The terms involved in the basic Rey- 
nolds and Schmidt groups have the 
usual definitions: r, being the hydraulic 
radius, « the true average point velocity, 
p the solution specific gravity, and uw the 
solution viscosity, all in consistent units. 
The specific definition of the hydraulic 
radius is that proposed by Ergun (5); 
it is equivalent to the ratio of the volume 
occupied by the fluid in the bed to the 
total surface wetted. The point velocity 
for countercurrent operation was taken 
as the sum of the fluid and particle 
velocities. 

When Equations (28 to 30) are com- 
bined and the numerator and denomi- 
nator of the left-hand side are multiplied 
by (D4)y, the correlation equation 
becomes 


(Pade 
“(Da)r 


hf 
(Ntadordp 


6(1 — fp) S(D, 
dpR p 
Graphically the relation may be repre- 
sented by a straight line if the left-hand 
side is plotted as the ordinate against 


(D 
4)P (Re)—™(Sc)—* 


D 
“(Dap 


as the abscissa. The resultant line will 
have a slope a and an intercept £. 


Equipment 
GENERAL 


As in any process development, the physical 
design of the separation apparatus changed 
with experience. The current equipment reflects 
the best features of three earlier models of con- 
tinvous countercurrent column apporotus. The 
first model was a gloss column in which the 
resin was transferred by means of a woter- 
operated Venturi jet. In the second model im- 
provements were made to reduce dilution due 
to the water transporting the resin. A mechani- 
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Fig. 5. Schematic diogrom wasn 
of resin metering and de- soLuTION—o 
watering valve. 


Fig. 6. Resin metering and 
dewatering valve. 


cal screw lift was used for transferring resin in 
the third model, but too much solution was 
pumped by the screw lift and the resin attrition 
rate was high. 


+B 


(33) 


A new resin-transfer device was developed 
fo overcome the disadvantages of the screw 
lift. This was the resin metering and dewater- 
ing valve shown in Figures 5 and 6. The 
design of this valve was based on a metering 
device used by Stanton (11) in his studies of 
countercurrent ion exchange. Made largely of 
acrylic resin, the valve consisted of a cylindrical 
rotor and a case. Through the center of the 
rotor and perpendicular to its longitudinal axis, 
a hole was bored. A glass disk containing o 
multitude of small holes was retained at the 
center of this bore. The case was made to fit 
the rotor with a close tolerance and was pro- 
vided with six channels between the periphery 
of the rotor and the outside of the case. 

As the rotor turned in a clockwise direction, 
the following sequence of operations occurred. 
Starting with the bore of the rotor in a vertical 
position, an aliquot of resin slurry flowed into 
the upper half of the bore through the inlet 
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=RESIN OUT 


DRAINED SOLUTION OUT 


on the gloss 
disk, and some of the solution in the slurry 
drained through the perforations to the bottom 
outlet. As the bore of the rotor posed under 
the right air inlet, air pressure was applied to 
this inlet by meons of a cam arrangement 


nipple. The resin was retained 


which actuated a solenoid air valve. The air 
pressure forced the residual interstitial solution 
out of the resin into the slot on the opposite 
side and thence ovt the some bottom outlet. 
Just as the bore passed beyond the right air 
inlet, the cam arrangement caused the solenoid 
valve to close, preventing air leckage around 
the rotor. The bore next became aligned with 
the resin outlet and, at the opposite end, with 
the flush solution inlet. This solution under oa 
constant heed carried the resin slug from the 
valve os ao slurry. The flushing operation left 
the bore partially filled with washout solution, 
which wos displaced when the new top of the 
bore rotated under the left air inlet, to which 
the air flow was also controlled by the com 
arrangement. The surge of air blew the residual 
solution from the bore into the slot opposite 
the air inlet and thence out the some slurry 
outlet. This completed one cycle, the next 
operation being the filling of the new upper 
half of the rotor bore. Therefore, there were 
two complete cycles per revolution of the 


valve rotor. 
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The rotor was driven by a ‘4-hp. motor 
through a variable-speed torque converter and 
reduction gears. The rate of resin transfer was 
proportional to the speed of rotation of the 
rotor, as shown in Figure 7. The performance 
of the valve wos evaluated experimentally, and 
no measurable carry-over of the solution origin- 
ally in the feed slurry to the discharged slurry 
was found other than what the filtered resin 
would normally carry. 


EXPERIMENTAL UNIT 


Two of these resin valves were incorporated 
into a column assembly for evaluating the 
effect of a number of variables on continuous 
countercurrent ion exchange in a single column. 
In this column only one phase at a time of the 
cyclic operations involved in the completely 
continuous separation of ions was studied (e.g., 
the saturation of G resin with B and A ions), 
b the col variables which offect the 
saturation step similarly affect the elution or 
regeneration step and other phases of the 
cyclic process. 

The column assembly is indicated schematic- 
ally in Figure 8 and is pictured in Figure 9. 
The Pyrex shell was 9.5 cm. 1.D., and the dis- 
tance between the feed inlet and the overflow 
ring was 122 cm. The feed solution was intro- 
duced through a 7.5-cm. ring of glass tubing 
having an upper surface of porous fritted glass. 
The distributor was provided with an inlet tube 
which extended through the wall of the column. 

At the top of the col the hausted 
solution spilled into the overflow ring and was 
collected. The resin was introduced into the 
top of the column from an overhead slurry 
storage through one of the metering and de- 
watering valves. A corresponding valve served 
to remove the resin from the bottom of the 
column. To avoid accumulation or depletion 
of the resin inventory in the column, the resin- 
throughput rates of the two resin valves were 
always equalized. 

Solution pumped from near the top of the 
column to a small overhead reservoir was used 
to wash the rosin from the upper valve into 
the top of the column. Thus the washout solu- 
tion, which was of substantially the same 
composition as the exhausted feed, wos re- 
cycled. 
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<4 Fig. 7. Performance of 
resin metering valve. 


Fig. 8. Schematic diagram of 
column assembly. 


The solution drained from the resin entering 
the lower valve was recycled to the column, 
which it reentered at the base of the lower 
taper into an expanded bulb, which minimized 
disturbance within the column. 

Contact between the resin and solution was 
obtained in a column containing a dense mov- 
ing bed of resin through which the solution 
flowed. As a layer of this resin bed was re- 
moved from the bottom of the column by the 
lower valve, it was replaced with a layer of 
resin at the top of the bed, resulting in a net 
downward flow of the resin. For 1 run the 
column was first filled with feed solution, 
which then was metered in at a constant rate, 
entering through the fritted glass ring and 
overflowing at the top at the same rate. Resin 
from the overhead supply was metered into the 
top of the column at a constant rate and fell 
to the top of the moving resin bed. This was 
maintained at the desired height above the 
solution feed distributor by removal of the 
resin from the base of the column at the same 
rate that it was supplied. 

A column insert, termed the tapped screen 
(Figure 10), was designed to promote better 
contact between resin and solution under 
moving-bed conditi It consisted of 5 disks 
of 16-mesh Monel screen spaced 5 cm. apart 
and supported with Monel rods. A central rod 
passing through the screens was attached to 
them with washers. A light hammer, actuated 
by a motor-driven cam, tapped the central 
rod 50 to 200 times/min.; for higher rates, a 
vibrator, which gave a tapping frequency of 
greater than 1,000/min., was used. These 
impocts were transferred to the screens. With 
this assembly in place in the column, conven- 
tional moving-bed runs were made in which one 
or more of the screens were contained within 
the moving bed of resin. The vibration of the 
screens tended to cause reorientation of the 
resin particles and redistribution of the fluid, 
thus reducing ch ling 

Some attrition of the resin was observed 
during its passage through the resin valves and 
the tapped screen. With new resin this amounted 
to about 0.1% per passage. More detailed 
information on resin attrition is contained in 
Appendix A.* 


*See footnote on page 139. 
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MULTIUNIT OPERATIONS 


The studies described above have been con- 
cerned largely with only one phase of a con- 
tinuous ion-separation process, namely, the trans- 
fer of the ions, trace or otherwise, from the 
feed solution to the resin. This has been termed 
saturation. As in the more familiar fixed-bed 
the resin must undergo alternate 
luti The simplest system for 


processes, 
saturation and 
continuous ion separation involves two counter- 
current contacting units, one for saturating and 
one for eluting the resin. 

Such a system is indicated schematically in 
In operation, a feed stream con- 


Figure 11. 
taining a mixture of ions A and B would be 
introduced into the bottom of the saturating 
section. The ion, say A, least strongly held by 
the resin would be carried largely by the rising 
solution. Thus the effluent solution (or upper 
product) from the saturating section would be 
enriched in ion A and the effluent resin from 
this section would be enriched in ion B. The 
transfer of ion B to the solution phase would 
involve another exchange process in which the 
spent resin (enriched in B) would be passed 
through the second countercurrent contactor 
comprising the eluting section. The spent elu- 
tant from this section would then be enriched 
in B and could be considered as a lower pro- 
duct stream. The resin removed from the re- 
generating section, now eluted, would be re- 
turned as feed resin for the saturating section, 
which would thus permit continuous recirculo- 
tion of the solid phase. This two-section unit 
has been discussed in detail in a companion 
paper (6). 

Other possibilities are apparent in the ar- 
rangement not only of these two sections, but 
of three- and four-section units. Although it is 
possible to apply the principle of reflux with 
the two-section unit, the more complex units ore 
designed specifically to provide reflux of a 
portion of the ions from one or both product 
streams into the sections from which the re- 
spective streams emerged. Dickel (4) has dis- 
cussed this principle of reflux in countercurrent 
ion-exchange separations. An example of a 
possible four-section arrangement is shown in 
Figure 12. 


Experimental Procedure 


GENERAL 


The experimental work was bosed on the 
separation of Li* and K* in trace concentrations, 
with respect to the H’ carrier or gross com- 
ponent. Elution was also conducted with H’. 
This particular system was selected for several 
reasons: the three ions are equivalent, thus 
simplifying the exchange mechanism; Li* and K* 
are both available in pure forms at reasonable 
costs, may be analyzed readily by flame photo- 
metry, and, being the first and third eiements 
in the alkali metal series, differ sufficiently to 
make separation feasible; and H* is used as the 
carrier and elutant because of its ease of 
analysis. The Li* is least strongly held by the 
resin and thus corresponds to A ion in the 
general discussion above, K* corresponds with 
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Fig. 10. Tapped-screen 
assembly. 
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Fig. 11. Countercurrent 
operations in a two- 
section unit. 
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ELUTANT 


the hypothetical B ion and H’* is the G ion. 
Chempro C-20 cation-exchange resin, a sul- 
fonated polystyrene-bose type, was 
throughout the studies. The resin was wet- 
screened 16 to 35 mesh, and so the average 
wet-particle diameter wos 0.07 cm. The solvu- 
tion diffusivities for Li’, K’ and H* were taken 
from the International Critical Tables and were 
averaged for the ion pairs concerned: (Dis) 
= 1.85 X 10% and = 2.18 X 10° 54. 


The ratio of the resin and solution 
average diffusivities, (D4)r/(Da)r, 
by severol of the present avthors (7) to be 
for 
resin. The resulting resin diffusivities were then 
(Dis)e = 3.46 10° ond 4.08 
10° sq.cm./sec. The settled resin had o void 
of 0.39 and a density, pr, of 
of true 


om. /sec. 
was found 


univalent ions and this type of 


fraction, fr, 
0.64 g. 


wet-resin volume. 


oven-dried weight per c.c 
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Fig. 12. Four-section 
ion-separation unit. 
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METHODS OF ANALYSIS 


The following analyticol procedures were 
developed to assess the concentration of lithium, 
potassium, and hydrogen ions in the solutions 
and on the resins. These cations were present 
in the solutions os chlorides. 


The solutions were analyzed for the alkali 
metal content with a Beckman DU spectro- 
photometer with a flame attachment. Lithium 
was determined ot 673 mu at a slit width of 
0.15 mm. and potassium was read at 771 mu 
at a slit width of 0.06 mm. It was necessary to 
make corrections for interference (by reinforce- 
ment) of the hydrogen chloride on the emis- 
sion, and for mutual interference of the metal 
ions, The H’ correction was made by analyzing 
the unknown solutions against lithium and potas- 
sium standard solutions containing 1.0 N HCI, 
since this was the H’ concentration in nearly all 
the experimental solutions. If the H’ content 
of the unknown differed from 1.0 N by more than 
10%, the djusted to 1.0 N by the 
ddition of ed vol of distilled water 
or hydrochloric acid as required and was then 
Corrections for 


was 


analyzed for the metal ions. 
the mutual interference of the metal ions were 
made with the aid of a number of cclibration 
curves, which had been prepared by the ex- 
perimental determination of the degree of 
interference over a very wide range and ratio 
of concentrations. The exact H* concentrations 
were determined with a Beckman automatic 
in solution were re- 


titrator. Concentrations 


ported as milliequivalents per cubic centimeter. 

Resin samples were analyzed by eluting water- 
washed aliquots of about 25 c.c. with 250 ml. 
of 2N HCI. The resulting elutants were diluted 
to 1.0 N H", and were analyzed for metallic 
described above. The 


and resin 


ion concentrations os 
eluted aliquots were oven-dried, 
concentrations were reported as milliequivalents 
per gram.* The hydrogen ion concentration 
on the resin, although seldom of interest in 
trace st %, wos as the difference 
between the ultimate capacity of the resin and 
to total metal ion concentration. 


RESIN BEHAVIOR 


The ultimate capacity of the resin represents 
the total number of ion-exchange positions avail- 
able on a unit quantity of resin. This was 
determined by first converting a portion of resin 
entirely to the hydrogen form by complete 
elution of metal ions. Then a portion of this 
resin was contacted in a fixed bed with a large 
quantity of calcium chloride solution to dis- 
place the H*. The effluent solution was titrated 
for the H’ concentration, and the total milli- 
removed were calculated. The 
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Fig. 13. Equilibrium isotherms. 
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Fig. 14. Effect of flow rate on void fraction. 


capacity was then reported as milliequivalents 
per gram on the dry basis. This procedure is 
similar to that suggested by Kunin and Myers 
(9). For the resin used, this capacity was 
5.11 milliequivalents per gram. 

The distribution coefficients for the Li’ — H’, 
and K'—H" pairs under study were deter- 
mined by batch contacting. Separate portions 
of a resin sample in the hydrogen form were 
equilibrated by shaking for about 8 hr. with 

luti containing various trace concentrations 


of lithi and potassium ions in 1.0 N HCI. 


resin aliquot was oven-dried, and the 


* Where necessary, as in resin flow rates, 
settled volumes were converted to a weight 
basis by means of a density factor. This factor, 
0.39 g. dry resin/c.c. settled volume, was de- 
termined experimentally for a number of samples 
and was found to hove a maximum deviation 
of about 1%. 
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The equilibrated resin and solution samples 
were then separated and analyzed by the 
foregoing procedures. The results, plotted as 
equivalent fraction of the trace ion on the resin, 
based on the ultimate capacity, vs. equivalent 
fraction of this ion in the solution, based on 
total ionic concentration, gave the curves shown 
in Figure 13. The slope of the Li’ curve, which 
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is the distribution coefficient, Min, is 0.87. 
Similarly, the potassium-hydrogen distribution 
coefficient, Mn, is 3.30. 

At the higher solution-flow velocities used 
for most of the later runs, expansion of the 
resin bed was encountered. This affected the 
external void fraction. The measurement of 
bed expansion was difficult because of the 
oscillating level of the resin at high throughputs. 
The data obtained from the experimental runs 
and from special hydraulic tests are indicated 
in terms of the external void fraction in Figure 
14. Up to 0.035 cm./sec., no effect on the 
void fraction was observed. Beyond that solv- 
tion velocity, on average curve was drawn 
through the points, and the smoothed dato 
were used in the interpretation of the experi- 
mental results. Above 0.35 cm./sec., resin was 
carried out of the top of the column at a sub- 
stantial rate. 
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* Tapped screen assembly omitted. 
** Elution run. 


Table 1.—Experimental Conditions 


Volumetric Flow Rates 


- 


OPERATION OF EQUIPMENT 


All the experimental runs were made under 
similar conditions, in most the column being 
The pre- 
pared resin, essentially in the hydrogen form, 
was metered into the top of the column at 0.2 
to 0.7 c.c./sec. and was withdrawn at the some 


operated as a saturation section. 


rate through the lower resin valve. Feed solu- 
tions usually were made up to have the approxi- 
mate composition 0.03 N Li’, 0.03 N K’ and 
1.0 N H’, and the exact composition was then 
determined by analysis. Solution flow rates, 
measured with a rotameter, ranged from 0.8 to 
16.5 ¢.c./sec., equivalent to superficial velocities 
of 0.01 to 0.23 cm./sec. through the column. 
Elution runs were also made in which resin 
partially saturated with Li’ and K’ was passed 
countercurrently to an acid feed solution. 

Each run was started with the column full of 
feed solution and with the inventory of resin 
in the base of the column at the level to be 
maintained during the run. Both resin valves 
were started simultaneously when the solution 
began to overflow at the top of the column. 
Every 15 min. ( 5 min. at the higher flow rates) 
the effivent solution and the slurry of exhausted 
resin were collected. The volumes of the 
effvent solution and the slurry and the settled 
volume of the resin in the slurry (obtained 
by tapping the graduate) were recorded. In 
addition, a portion of the resin was vacuum 
filtered and held for analysis. Samples of the 
effvent and supernatant slurry solutions were 
also retained. 

The concentrations of the metal ions in all 
the samples and the concentration of H* in the 
solution samples were determined by the pro- 
cedures described. A run was continued until 
there wos reasonable assurance from post ex- 
perience thot the steady state hod been ot- 
tained. The length of the runs varied from 1 
fo 3 hr. The runs were made with the top 
level of resin intained constant between 6 
and 28 cm. above the feed-solution inlet. The 
feed resin entering the column fell freely 
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through the rising solution to the top of the 
moving bed of resin. The residence time of a 
resin particle in the moving bed was 10 to 45 
min., and the solution residence time was 1 
to 4 min. The experimental procedure for 
those runs in which the tapped screen wos used 
to improve contact did not differ from that for 
the simple moving-bed runs except in the con- 
tinuous operation of the tapping hammer. The 
operating conditions for the runs are listed in 
Table 1. 


interpretation of Results 


TREATMENT OF DATA 


The experimental data were obtained 
in terms of flow rates and concentrations 
(later frac 
tions), a typical set of data, from Run 1, 
being represented in Figure 15, The 
upper portion of the figure shows the 
change in the equivalent fractions of 
the trace ions in the effluent resin with 


converted to equivalent 
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Fig. 15. Effivent compositions vs. time for run 1. 
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Bed Topping 

a. Height Pe Solution Resin E Valves Void Rote 

ie Run h Ry Rp Fraction 

No. cm. meq. /c.c. c.c./ sec. ¢.c./ sec. Bu Ex fe taps/ min. 1, 
i, 1 12.7 2.07 0.221 0.306 1.16 0.39 
ee 2 12.7 1.37 0.212 0.419 1.59 0.39 
we 3 7.6 1.36 0.214 0.436 1.65 0.39 
a 4 7.6 1.38 0.380 0.721 2.74 0.39 

Oh) 5 68 1.97 0.218 0.148 0.561 0.39 

rae 6** 76 0.78 0.347 1.23 4.65 0.39 

am 7 7.6 1.58 0.204 0.374 1.42 0.39 

6.4 1.61 0.330 0.539 2.04 0.39 
= 10 28.0 15.05 0.742 0.135 0.512 0.50 

mG W 21.6 15.40 0.65) 0.121 0.458 0.54 

nf | Sane 12 16.5 8.69 0.705 0.223 0.845 0.53 

a 13 7.73 0.732 0.228 0.866 0.52 ‘ 
a an 7 16.48 0.562 0.100 0.379 0.60 

a a 9 13.92 0.642 0.124 0.470 0.56 

x 20 8.83 0.698 0.210 0.796 0.49 | 
Se 21 266 0.291 0.442 1.68 0.39 1 a 

0.06 
0.02 

FEED SOLUTION COMPOSITION 

\ + 


time, and the lower set of curves relates 
the corresponding changes on the efflu- 
ent solution to the time of operation. 

The equivalent fraction of the trace 
ions in the effluent solution and resin at 
the steady state were used to determine 
y from Equation (15). For a given run, 
four values of y were obtained: one 
based on the change in the fraction of 
Lit in solution, one based on the 
change in the fraction of K+ in the 
solution, and the two corresponding 
values obtained from the resin-concen- 
tration information. The two y values 
based on Lit were averaged, as were 
the two y values based on K+, in order 
to compensate for the deviation of the 
output-input balance for each ion from 
110%. Balances ranged from 89 to 
111% with an average deviation of 3%. 
The E ratio for each ion was calculated 
from the distribution coefficient and the 
equivalent flow rates according to Equa- 
tion (16). 

Then, the number of over-all transfer 
units and equilibrium contacts was cal- 
culated by Equations (14) and (22), 
respectively, from the E values and 
averaged y values for each ion. The 
results for several of the runs showed 
nearly complete approach to equilibrium 
transfer, y > lor 1, and thus 
apparently an infinite Ng or Nt. This, 
of course, is impossible, and so the re- 
sults must reflect the experimental un- 
certainties, 

The proper interpretation of the re- 
sults is certainly that a very large num- 
ber of contacts or transfer units was 
obtained, the exact number being diffi- 
cult to determine because of the limit of 
analytical accuracy. In the case of Run 
2, for instance, an average yg value of 
1.00 was obtained, indicating equili- 
brium. If this yg had been 0.99 at the 
same equivalent flow rates, the following 
values would have been indicated: 


(No)x = 7.9, (Nt) = 10.6. Since Ew, 
the ratio of the distribution coefficient to 
slope of the material balance line, was 
less than one, it represented the limiting 
value of y;, for this run. The experi- 
mental (y/E) 4 = 1.00 showed that the 
maximum possible transfer of the lith- 
ium ions was obtained. Here, if (y/E) 4 
had been 0.99, the (Ng), would have 
been 4.7 and the (Nt), 3.0. These 
finite values are estimates and were in- 
serted in Table 1 in place of the appar- 
ently infinite Ng and Nt indicated di- 
rectly by the actual data. 

The results of the experimental runs 
are given in Table 2 in terms of enrich- 
ment and recovery factors and over-all 
numbers of transfer units and contacts. 
The values were calculated to the second 
decimal place and rounded to the first; 
the estimated values are indicated by 
asterisks, 


where s is the number of fixed-bed trans- 
fer units and R is the solution flow rate.* 
They found that the best fit to data avail- 
able in the literature was obtained with 
m=n= 0.5, a = 0.29 and pf’ = 0.04. 
It will be noticed that the preceding 
relation is identical with Equation (33) 
except for the two terms peculiar to 
fixed-bed exchange and defined above. 
In view of these fixed-bed results, the 
power of both the Re and Sc numbers 
was selected as 0.5 for the correlation 
of the moving-bed data. Initially only 
one set of related moving-bed data was 
used. This was obtained in the runs for 
which the tapped screen assembly was 
operated at a tapping rate of 200/min. 
and in which the bed expansion was 
negligible; it was the largest group of 
such related data. The experimental re- 
sults for these runs were plotted as 


(D4)p lax hf (D4)p (Re) -9-5(Sc) 
(Nt 


adordp dpR»p 


CORRELATION OF DATA 


It was not possible to make direct use 
ot the proposed correlation relation 
(33), because the experimental data did 
not permit a conclusive choice of the 
powers for the Reynolds and Schmidt 
numbers. 

However, several of the present au- 
thors (7) have shown that for fixed-bed 
ion exchange under trace conditions a 
modified form of Equation (33) also 
applies ; i.e., 


| || | 


“(Dade Sadp dpk 


(Da)p 


=a’D 
(D4) 


(Re)-™(Sc)-" +p’ 
(34) 


(D4) 


on linear coordinates, as shown in Fig- 
ure 16. The method of averages was 
used to locate the correlation line, and 
its slope and intercept, a and B, were 
found to be 1.6 and 0.6 respectively. 

A replot of this correlation line on 
log-log coordinates, Figure 17, reveals 
more clearly the two diffusional regions. 
The horizontal portion of the curve, be- 
low abscissa values of 0.03, is the region 
where internal diffusion controls; above 
abscissa values of 3.0 the 45° line repre- 
sents the region where external ' ion 
controls. 


* Obviously the Reynolds number used here 
is the same as that in Equation (31) except 
that Rp is zero and Ry has been replaced by 
R so that the average velocity is now R/fsS. 


Enrichment of Recovery of 


Table 2.—Experimental Results 


Number and Height of Over-all 
Transfer Units 


Li* in Li* in Number of Steady State Output/ 
effiuent soln. effluent soln. cm. bed height Equil. Contacts Input Ratio 

Run 

1 47 0.71 0.79 2.2 16 5.8 1.5 2.1 0.94 1.00 
2 10.1 0.55 3.0* 10.6* 42 1.2 4.7* 7” 0.98 1.11 
3 69 0.56 2.0 5.8 3.8 1.3 3.1 45 0.91 1.03 
4 3.1 0.41 1.8 73° 4.2 11 2.2 4.1* 1.00 1.07 
5 1.6 0.84 0.8* 1.2 8.8 5.7 2.3* 1.6 1.01 0.98 
3.2 5.5* 2.4 1.4 3.6 2.8* 0.89 0.99 
7 69 0.62 11 3.5 6.8 2.2 19 2.9 0.99 0.99 
8 62 0.50 17 3.6 3.7 1.8 2.1 2.6 0.97 0.98 

10 1.6 0.88 0.32 19 88 15 1.0 2.7 1.02 1.03 

W 1.4 0.¢0 0.25 WW 86 21 0.8 16 1.02 0.94 

12 2.5 0.82 0.45 2.2 37 75 1.0 2.7 1.06 1.00 

13 2.6 0.78 0.98 2.8 18 6.4 1.8 2.9 1.01 0.99 

7 1.4 0.90 0.47 1 45 1g 1g 0.99 0.99 

19 WW 0.90 0.27 0.81 80 27 09 1.6 1.02 1.02 

20 2.0 0.82 0.51 1.8 32 9.3 a 2.0 0.90 0.99 


7.2 


* Based on assumption that 7 = 0.99 or 7/E = 0.99 
** Elution run. 
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In this figure the experimental data 
for all the moving-bed runs are repre- 0 
sented, including runs at high and low 
flow rates, at high and low tapping rates, 
and those in which the screen assembly 
was omitted. As can be seen, the orig- 
inal correlation line represents these 
data equally well except for the one run 3 


= ws made without tapped-screen Fig. 17. Logorithmic- 
ss y at the low flow rate. correlation plot. ¢ 

It is apparent that most of the present ; 
runs fall in the transition region. The a3 oF 
deviations of the data from the curve e 


are attributed largely to the uncertain- 
ties of the experimental results. As L 
pointed out above, wherever the ap- 


proach to equilibrium indicated by the Soo 
data was 1.0 or higher, the Nt value was 
calculated on the assumption that the 
actual approach was 0.99. These adjusted data are identified by the underlined 
points in Figure 16. 

For the moving-bed runs, involving either the tapped screen or high flow rates, 
the data can best be represented by 


(D4)p Afe 6(1—fe)S(Da)e 


(D4)p 
(Dale dpR p 


= ( —05 
| 1.6 (Re Sc) + 0.6 
(35) 


The Reynolds and Schmidt numbers having been assumed to have the same powers, 
their product, the Peclet prime number, can be used where required, 


Re Sc: | — fn) = Pe’ 
Re/fe 

thus «liminating p and w from the expression. 

_ For convenience, Equation (35) can be rearranged into a transfer-height form, 

since Ht = h/Nt 


(36) 


__ 16 dpRp 1 
dp | fe(Re- | 6(1 — fg) S(Dg)p 


0.6 dpRp 
where 
Rp/(1 — fr) 
E, 
has been utilized to replace 1/D,. An analogous form 
dp  &, dp (38) 


can be obtained by multiplying Equation (20) by h/dp. Upon comparison of the 
two forms, the factors affecting the individual transfer heights become readily 
apparent. 


) 


it 


Fig. 16. Linear-correlation 
plot. 
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Because of the limitations in the ex- 
perimental equipment and analytical 
techniques, it was difficult to obtain re- 
sults which fell definitely in either the 
internal or external diffusion-controlled 
area. For this reason it should be em- 
phasized that the constants given in the 
foregoing relation are tentative, as the 
data do not cover a wide enough range 
of the abscissa to show that the relation 
would hold at the extremes of the indi- 
cated curve. More confidence may be 
placed on the 0.6 value for 8 than the 
other constants, because, as may be seen 
from Figure 16, any reasonable adjust- 
ment of the curve will not greatly affect 
the intercept. 

In an attempt to extend the range of 
the data, and perhaps to obtain better 
contact between the resin and solution, 
two other means of contact within the 
column were evaluated: first, by free 
fall of the resin and, second, with a 
stirred contactor insert. Very little suc- 
cess was achieved with either because of 
difficulties in accurately assessing num- 
bers of transfer units, void fractions, and 
(for the stirred contactor) Reynolds 
numbers, ‘These aspects of the program 
are described in more deail in Appen- 
dices B (free fall) and ¢ 
tactor ).* 


(stirred con- 


Discussion of Results 


At the low solution flow rates (<3 
c.c./sec.) the tapped-screen unit was 
most effective in promoting good resin- 
solution contact, t.¢., in reducing chan 
neling. This will be observed by com- 
paring the greater transfer heights of 
Run 1, which was made without the 
tapped screen (solid circles in Figure 
17), with the others in this range, 
which involved tapping. On the other 
hand, there was no significant effect on 


* See footnote on page 139. 
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the results when the tapping frequency 
was varied between 50 and about 1,000/ 
min. 

With further reference to Figure 17, 
it is obvious that at the higher flow rates 
(>7 c.c./sec,) the tapped-screen assem- 
bly offered no advantage. Apparently, 
under high flow-rate conditions, the 
greater turbulence not only reduced the 
fluid film resistance as anticipated, but 
also decreased channeling as much as did 
the tapped screens. Since the higher 
flow rates are of more commercial in- 
terest, it is advantageous that good con- 
tact can be obtained without the tapped- 
sereen unit and its attendant mechanical 
complexities. 

It will be noted that the difference be- 
tween the a and B values for the fixed- 
and moving-bed correlation relations 
indicates a displacement between the two 
curves, This is attributed to a difference 
in the contact efficiencies, the fixed bed 
having the greater efficiency. The fac- 
tors contributing to this contact effi- 
ciency have not been established, but 
they may be related to differences be- 
tween upflow and downflow, to the col- 
umn-diameter~particle-diameter ratio, to 
the Reynolds number, and for the cur- 
rent study to the tapping frequency of 
the screen assembly. 

Some of these factors were studied 
qualitatively in a short series of fixed- 
bed runs made at low flow rates. Here, 
upflow was less efficient than downflow, 
but the tapped screen increased the up- 
flow efficiency. A column of smaller 
diameter was found to be more effective 
than one of large diameter. More details 
concerning these fixed-bed runs are 
given in Appendix D.* 
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Notation 
a = effective transfer area of film, sq. 
em./c.c. of contacting zone. 
A, 8,G = trace components A, B and gross 
component G. 
B = effective thickness of resistance film, 
cm. 
er = total ionic level in the solution 


phase, meq./c.c., equal to the 


* See footnote on page 139. 


sum of the ionic concentrations of 


components A, 8, and G.t 


dy = mean diameter of resin particles, 


D = distribution or partition parameter, 
dimensionless. 


D = effective ionic diffusivity for a trace 
component diffusing against the 
carrier component, sq. cm./sec. 


E = ratio of the slope of the equilibrium 
line to the slope of the operating 
line, dimensionless. 

fe = ratio of void space outside resin 
particles to total volume of con- 


tacting zone, dimensionless. 


Ht = height of contact zone equivalent 
to a transfer unit, em.; given by 


relation Ht = h/Nft. 
h = height of the contacting zone, cm. 
k <= mass-transfer coefficient, cm./sec. 
K generalized transfer coefficient, re- 


ciprocal sec. 


K = chemical equilibrium constant for 


exchange, dimensionless. 


M = slope of line, 


dimensionless. 


the equilibrium 


Ne = number of equilibrium contacts. 


Nt = number of transfer units. 

Pe’ = Peclet prime number for the fluid, 
Pe’ Sc. 

Q = total ionic concentration of resin 
or ultimate capacity, meq./g. 
wen-dried resin. 

ts = hydraulic radius, cm. 


R = volumetric flow rate, c.c./sec. 
Re = Reynolds number for the fluid. 
= number of fixed-bed transfer units. 


cross-sectional area of column, sq. 
cm. 


Se = Schmidt number for the fluid. 

uv = point velocity, em./sec. 

x equivalent fraction of a component 
in solution with respect to the 
total ionic level of the solution, 
dimensionless. 

equivalent fraction in the solution 
in equilibrium with a given equi- 
valent fraction on the resin, di- 
mensionless, x* = y/M. 

y = equivalent fraction of a comp 


lent fraction in the solution, di- 
mensioniess, y* M, 


*y = degree of approach to equilibrium 
transfer for a component, dimen- 
sionless. 

# = viscosity of the solution, poise. 


p = specific gravity of the solution, g./ 


pr = density of resin, g. oven-dried resin/ 
c.c. true resin volume saturated 


with carrier component. 


7 = residence time in contacting zone, 
sec. 


SUBSCRIPTS 
A, 8, G = components A, B, and G. 
entr = feed composition. 

exit effluent composition. 

F = fluid (or solution) phase. 
i interface values. 


over-all value based on the fluid 
film. 


OF = 


P = particle (or resin) phase. 


Literature Cited 


1, Boyd, G. F., A. W. Adamson, and L. S. 
Myers, ar., J. Am. Chem. Soc., 69, 2836 
(1947). 


2. Chilton, T. H., and A. P. Colburn, Ind. 
Eng. Chem., 27, 255 (1935). 


3. Colburn, A. P., Trans. Am. Inst. Chem. 


Engrs., 35, 211 (1939). 
4. Dickel, G., Z. Elektrochem., 54, 353 (1950). 
5. Ergun, S., Chem. Eng. Prog., 48, 227 
(1952). 


6. Hiester, N. K., R. C. Phillips, E. F. Fields, 
R. K. Cohen, and S. B. Radding, Ind. Eng. 
Chem., 45, 2402 (1953). 


7. Hiester, N. K., S. B. Radding, R. L. Nelson, 
Jr., and T. Vermeulen, manuscript sub- 
mitted to Chem. Eng. Prog. 


8. Kremser, A., Not. Pet. News, 22, No. 21, 
42 (1930). 


9. Kunin, R., and R. J. Myers, “lon Exchange 
Resins,” John Wiley and Sons, Inc., 
New York (1950). 


10. Selke, W. A., and H. Bliss, Chem. Eng. 
Prog., 47, 529 (1951). 


11. Stanton, L. S., M.S. Thesis, University of 


on the resin with respect to the 
total capacity of the resin, di- 
mensionless. 


equivalent fraction on the resin in 
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te: is equivalent to C. in reference (7) 
and to c. in reference (12). 
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he importance of pilot-scale distilla- 
Sam facilities in petroleum and 
petrochemical research is manifold. 
Such equipment is used to obtain design 
and operating data for commercial in- 
stallations, to perform distillations for 
other research programs, and in funda- 
mental studies of fractionation (7). 

Pilot-plant activities in Standard Oil 
Laboratories require distillation of 
batches of material ranging from a few 
gallons to a hundred barrels. Equipment 
is needed for preparing feed stocks, an- 
alyzing such feeds and products, finish- 
ing laboratory batches of chemical 
products for customer evaluation, and 
preparing high-purity materials for fur- 
ther study. Facilities are also needed 
for investigating developments in dis- 
tillation techniques and equipment. 

To meet these needs seven batch frac- 
tionating units have been installed in 
a new building designed solely for dis- 
tillation work. The units range in boiler 
capacity from 2.5 gal. to 12 bbl. and 
have packed columns | to 10 in. in diam, 
They can be operated over a wide range 
of temperatures and pressures and are 
instrumented to permit close control. 


Building and Utilities 


The distillation building measures 77 
room 43 by 62 ft. and 40 ft. high with 
struction. Figure 1 shows the exterior 
and Figure 2 the plot plan. A corridor 
separates the one-story office-laboratory 
wing from the process area. A covered 
loading dock adjoins the process area. 

In the office-laboratory wing are hot 
and cold rooms, a utility room, and a 
locker-room. The hot and cold rooms 
provide for the storage of feed tocks 
and products at controlled temperatures 
from 34° to 200° F. Both are equipped 
with automatic carbon dioxide fire- 
fighting equipment. 

The process area is a completely open 
room 43 by 62 ft. and 40 ft. high with 
a precast concrete roof that eliminates 
interior supporting columns. The con- 
crete floor is divided into pitched bays. A 
trapped floor drain in the center of each 
bay empties into a closed sewer system. 

A self-supporting steel structure with 
three levels above the ground floor has 
been insta!led in the process area. 
Stairways and ladders on two sides pro- 
vide access to all levels. From the top 
level, a walkway leads outdoors to an 
escape ladder. Supported from the roof 
beams, monorails with manually operated 
chain hoists facilitate handling large 
equipment at any level. A dumbwaiter 
incorporated in the steel structure 
handles smaller items. 

Utilities enter the process area from 
an exterior overhead utility bridge or 
from underground service lines. They 
are distributed by main headers on two 
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Fig. 1. Distillation building. 
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Fig. 2. Plot plan of distillation building. 
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opposite walls. A small steam-driven 
compressor provides air for emergency 
operation of instruments. The building 
has two vacuum systems: a three-stage 
steam-jet ejector with a capacity of 11.8 
Ib. of air/hr. at 5 mm. of Hg, and a 
mechanical pump with a capacity of 17 
cu.ft./min, at 1 mm. of Hg. These two 
systems can be operated in tandem, the 
vacuum pump discharging into the in- 
take side of the ejector. 

A forced-air ventilating system sup- 
plies eight air changes per hour under 
normal conditions and sixteen in case 
of emergency. The building ventilation 
maintains the corridor at a slightly 
higher pressure than the process area 
to preclude the flow of vapors to the 
corridor. 


Process Equipment 

Seven distillation units are described in 
Table 1. The three larger units are on one 
side of the process area and are similar in 
construction, as are the four smaller ones on 
the opposite side, All seven are designed for 
temperatures up to 650° F. at pressures from 
Ws mm. of Hg to 165 |b./sq.in.gauge. The boilers, 

cond s, and product receivers are 
made of Type 316 stainless steel, heat treated 
and stress relieved. 

To provide the desired low holdup and high 
efficiency and to facilitate packing changes, 
all columns contain dumped rather than oriented 
packing or plates. McMahon quarter-inch stain- 
less-steel wire-gauze saddles (2, 3, 5), ore used 
in most of the columns. In the two smallest 
columns, Fenske %o-in. stainless-steel helices 
(1) give a better ratio of column diameter to 
packing size. In the 12 bbl. unit, Berl half-inch 
porcelain saddles permit distilling heavy stocks. 

Blowdown tanks with internal water sprays 
are installed for emergency use. Each tank 
serves one or more units through a common 
header and has a gas vent through the roof 
of the building. Liquid accumulating in the 
tanks discharges through trapped outlets lead- 
ing directly to closed underground sewers. 


LARGE DISTILLATION UNITS 


Unit II is typical of the three larger 
units and is diagrammed in Figure 3. 
The boiler is heated by electrical strip 
heaters enclosed in air-purged sheet- 
metal jackets. The purge prevents 
accumulation of hydrocarbon vapors. 
An internal coil cools the bottoms. A 
vent line with a rupture disc and spring- 
loaded relief valve in series leads to the 
blow-down line. The rupture dise re- 
lieves abnormally high pressures in the 
system, and the relief valve prevents 
complete discharge of the contents of 
the unit to the blowdown. A spare 
nozzle on the top of the boiler permits 
installing a condenser for simple dis- 
tillation. Thermocouples in the boiler 
measure the temperature of both the 
liquid and the vapor phases. 
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The column comprises five sections packed 
with McMahon wire-gauze saddles to a total 
height of 22.5 ft. The sections are flanged, 
the flange faces having small tongue-and-groove 
joints. Flat wire-mesh supports to retain the 
packing are fixed to the column wall by set 
screws. A short section between the column 
and boiler contains Berl saddles to reduce 
liquid entrainment. Removable  sheet-metal 
jackets, containing insulation and tubular heat- 
ers, surround the column sections. Thermo- 
couples are fastened to the col wall and to 
the adjacent interior surface of the jacket. 
The annular space between the jacket and 
column wall is purged with air. 


Distributors between the column sec- 
tions carry thermocouple wells and 
pressure taps that permit measuring the 
differential pressures across individual 
sections. Plan and cross-sectional views 
of a typical distributor are shown in 
Figure 4. The different heights of 
downcomers A and B and of weirs C 


TO VENT 
PRESSURE 
RECORDING 
CONTROLLER 
COLLECTOR 
PRODUCT 
COOLER 
OWFERENTIAL- 
PRESSURE 
RECORDER 


To 
BLOWOOWN 
Line 


Fig. 3. Diagram of unit 11. 


in the vapor risers accommodate wide 
variations in reflux rate. 


The condenser is of the shell-and-U-tube type 
with cooling water inside the tubes and con- 
densing vapors outside. It is vented through a 
surge tank and a pressure-control valve. The 
reflux collector below the condenser is a trapout 
tray. Total condensate is split into product and 
reflux streams, ed by rotameters. The 
reflux returns to the column on the top dis- 
tributor plate. The product passes through a 

ater-jacketed cooler and collects at ground 
level in two parallel receivers. Each re- 
ceiver is surrounded by a jacket open at the 
top. A coil in the annular space between the 
jacket and the vessel permits either heating 
or cooling the product with a suitable fluid. 
The receivers are connected to vacuum, com- 
pressed air, and nitrogen. 

The three large units are supported at 
ground level. A sliding guide at the condenser 
level accommodates upward expansion; a coun- 
terbalance relieves the boiler of the weight of 
the column and condenser. The boilers of these 
units are shown in Figure 5, and the con- 
densers in Figure 6. 


SMALL DISTILLATION UNITS 

Unit VI is typical of the four smaller 
units and is diagrammed in Figure 7. 
The boiler has an air-purged jacket 
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Fig. 4. Typical distributor. 


Table 1.—Distillation Equipment 


UNIT Iv v vi vil 
Boiler Capacity ........ 12 bbl. 4 bbl. 1 bbl. 20 gal. 20 gal. 5 gal. 2.5 gal. 
Boiler heating capacity, kw. 90 25 11.5 6.6 6.6 2.6 1.0 
Column diameter, in. .... 10 6 4 3 2 1.5 1 
Number of ked sections 4 5 3 1 3 3 3 
Packed height, ae w6ehes 20 22.5 24 7 28.5 28.5 30 
Ber! ‘ 
Packing material ..... .» Saddles McMahon Saddles Fenske Helices 
£ 
Jacket heating capacity, kw. 14.7 13.1 96 3.0 10.4 10.4 27 
Condenser surface, sq.ft. 150 43 20 12 12 13.8 2.2 
Type of condenser .... Horizontal Shell-and-U-Tube Vertical Bayonet 
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Fig. 5. Boilers of large 
distillation units. 


Fig. 6. Condensers of 
large distillation units. 


Fig. 7. Diagram of unit 
vi. 
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and also carries thermocouples, elec- 
trical heaters, and an internal cooling 
coil. The vent from the boiler to 
the blowdown line has a rupture disc 
but no relief valve, because the rela- 
tively small charge would not overload 
the blowdown system. 

The column consists of three packed 
sections above a short de-,entrainment 
section. It has no distributor plates. 
Wire-mesh cones support the packing. 
The condenser is of the vertical-bayonet 
type. Reflux and product are separated 
by a magnetic swinging-funnel splitter 
governed by a time-cycle controller (4). 

Because of the small amounts of 
product obtained at high efficiency, 
holdup in the product lines must be 
minimized. Large holdups would cause 
excessive losses of product and prevent 
sharp separation of fractions. For this 
reason the four units have the receivers 
close to the condensers. The receivers 
are like those on Unit II, but only one 
is provided for each unit. 

These four units are suspended from 
the roof supports. Sliding guides at the 
boiler level take care of expansion. The 
boilers of three of these units are shown 
in Figure 8, and the condensers of all 
four in Figure 9. 


Instrumentation 


Two instrument panels provide cen- 
tralized control for the units. All in- 
struments for the three large units are 
on a panel board on the ground floor. 
Those for the small ones are on a panel 
board on the top level, close to the 
product receivers. Both boards have 
the controls for each unit grouped to- 
gether adjacent to the unit. A few in- 
struments that serve more than one unit 
are in a central location on each board. 
tesides the process-control instruments, 
each board gauges that indicate 
pressures in the utility headers. 


has 


TEMPERATURE MEASUREMENT AND CONTROL 
Temperatures are obtained from in- 
dicators and recorders connected to the 
thermocouples on the units. The reflux 


heads on all columns are fitted with 
special resistance elements having an 
absolute accuracy within 0.5° F. These 


elements are connected to a recording 
dynalog that will measure temperatures 
from 50° to 430° F, with a precision of 
0.1° F. 

An adjustable transformer controls 
one set of strip heaters on each boiler 

usually on the bottom surfaces. 
Switches energize the other heaters. 
Should any of the heaters on automatic 
control burn out, a transfer switch on 
the panel board allows new bands of 
heaters to be changed from switch con- 
trol to transformer control. All columns 
are adiabatically jacketed. Thermo- 
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couples fastened to the column wall and 
to the inside of the jacket permit adia- 
batic operation. A separate adjustable 
transformer controls each section of the 
jacket. 

Figure 10 outlines the arrangement 
of controls to the boiler and jacket 
heaters. Temperatures are controlled 
by manual adjustment of potentiometers 
located on the panel boards. ‘These 
activate micro-relays to supply current 
to the motors of the adjustable trans- 
formers. The motor repositions the 
transformer, which varies the power 
supply to the heater. A meter with a 
multiple-position switch on the panel 
board indicates the voltages supplied to 
the boiler or jacket heaters. Because 
the transformers are not explosion- 
proof, they are located in the corridor 
outside the process area. 

Columns III and V also have differ- 
ential-pressure recorder-controllers (6), 
each connected to a pneumatically ad- 
justed transformer that supplies power 
to selected boiler heaters. An increase 
in boilup rate from that desired leads 
to an increased pressure drop across the 
column. The recorder-controller re- 
sponds to this increase and activates the 
transformer to reduce the power to the 
heaters. 


PRESSURE MEASUREMENT AND CONTROL 


Each unit has an absolute-pressure 
manometer, a differential-pressure re- 
corder, and a pressure-recording con- 
troller that operates the valve in the 
condenser vent line. On five of the 
columns, the pressure-recording con- 
troller has a specially devised adjustable 
range chamber to give closer control at 
any point between 0 and 2000 mm. of 
Hg. The chamber consists of a sliding 
block containing mercury and connected 
to a constant-reference vacuum. The 
block holds enough mercury to span the 
40-mm. pressure range of the instru- 
ment chart. For pressures greater than 
2000 mm., the recorder is disconnected 
from the range chamber and linked to 
a Bourdon tube. Since these devices 
were designed and installed, other in- 
struments performing the same service 
and occupying less space have become 
commercially available. 

nitrogen-bleed system introduces 
about 1 cu.ft./min. of gas into each 
column, This provides a constant flow 
of inert gas for the pressure-control 
valve in the condenser vent line to 
function against. 

When more than one unit is oper- 
ating under vacuum, the steam ejector 
is run at full capacity and sufficient air 
is introduced into the main header to 
maintain a slightly greater vacuum 
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Fig. 8. Boilers of small 
distillation units. 


Fig. 9. Condensers and 
controls for small dis- 
tillation units. 


Fig. 10. Arrangement of 
heater controls. 


than is required for the column oper- 
ating at the lowest pressure. The en- 
tering air is regulated automatically by 
a pressure-recording controller oper- 
ating a pneumatic valve. The pressure 
in the main header is the base point 
for the pressure-recording controller. 
The vacuum pump can be used in the 
same manner as the steam ejector, but 
it has a lower capacity and is intended 
primarily for use with the smaller 
columns. 


Conclusions 


Installation of these facilities was 
completed in 1952. Shake-down runs 
have proved the equipment to be oper- 
able. Plate-efficiency tests are planned 
for the near future. 
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A Survey of Gauges 


National Research Corporation, Cambridge, Massachusetts 


for Measurement of Low Absolute Gas Pressures 


Richard B. Lawrance 


Gauges for the measurement of gas pressures in the range from 760 to 10 * mm. 
Hg are discussed, with particular emphasis on those gauges of greatest present or 


potential usefulness in engineering applications. The gauges are classified accord- 
ing to the similarity of their operating principles. Attention is directed to the fact 


that various gauges measure different variables or combination of variables. Some 
gauges truly measure pressure (force per unit area), but others measure the 


number of molecules per unit volume, weighted differently for different gases. 
Advantageous and disadvantageous consequences of this fact are pointed out. 
Various new developments are described, some cf potential immediate importance 


excellent reviews of this sub- 
ject have appeared from time to time. 
Why, therefore, is another such survey 
desirable? First, since certain of these 
earlier surveys place their major em- 
phasis on one-of-a-kind research mod- 
els, it seems appropriate to make avail- 


able a summary emphasizing — the 
properties of commercially available 
gauges which have been extensively 


used or may be expected to be widely 
used Second, it seems well to 
emphasize which physical quantities the 


do measure 


soon, 
various classes of 
and which they do not, for although 
all are commonly spoken of as “pressure 
gauges” their indications may be in- 
fluenced by other 
gas temperature and gas composition. 


gauges 


parameters such as 
An awareness of the facts involved pre 
vents improper application and misin- 
terpretations and can, lead 
to useful techniques for measuring 
quantities such as temperature, density, 
and Finally, al- 
though various important methods of 


moreover, 


composition ratios. 
measuring low pressures are more than 
a hundred years old, the techniques are 
still developing, and some of the more 
interesting and important new develop- 
ments are well worth summarizing. 
The measurement of pressure, or 
closely related variables, in the range 
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and others of interest principally for their ingenuity and novelty of approach. 


below the atmospheric pressure of 760 
mm. Ile will be considered. In ac- 
cordance with scientific 
ing usage, pressures will be stated in 
mm. lig reckoned from zero pressure 
rather than atmospheric. (With this 
understanding the use of the term “ab- 
solute pressure,” which in certain im- 
portant instances is ambiguous, will be 


and engineer- 


avoided.) For pressures between about 
0.001 and 0.000001 atm. values are com 
monly expressed alternatively milli- 
a micron being 
a millionth of a meter or a thousandth 
of a millimeter. Pressures Ingher and 
lower than this range should always be 
(and nearly always are) expressed in 


meters Or im microns, 


terms of millimeters. 


Useful Operating Ranges of Various 
Measurement Principles 


In a comparison of the many instru- 
ments concerned classifications both on 
the basis of operating pressure range 
and on the basis of general physical 
principles of operation are useful. 
Classification on the basis of pressure 
range will be considered first, although, 
as will be seen, a few instruments with 
very wide ranges are exceptions to this 
classification scheme. 

Figure 1 gives in a rather condensed 
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ralives of 
which the various physical principles 
of operation are most useful, It should 
be emphasized that any single instru- 
ment of a given type (for example, 


fashion the pressure over 


an aneroid bellows gauge) will not 
necessarily cover the entire range in- 
dicated in Figure 1. Several different 
units of the same general construction 
may be required to span the complete 
pressure range indicated as being use- 
ful for the operating principle in ques 
tion. Ranges of individual commercially 
available gauges will be given later in 
Figure 9. 


Gauges Based on Mechanical Force 


Starting from 760 mm., lower decade 
(factors of ten) ranges of pressure, as 
indicated in Figure 1, will be consid- 


ered. Gauges based on mechanical 
force are useful for the first few 
decades: Bourdon tubes, aneroid bel 


lows, liquid manometers, and diaphragm 
gauges. These gauges, which are con 
tinuously indicating, are often used as 
circular-chart recording gauges. In the 
first three of these gauges a mechanical 
deflection is visually observed, either 
directly or, more usually, indirectly, 
with the aid of an amplifying mechan 
ical linkage. 
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PRESSURE IN MILLIMETERS OF MERCURY 


100) 
BOURDON 
TUBE 
MECHANICAL DEFLECTION, 
MECHANICAL INDICATION ANEROID BELLOWS 
wanowerens 
MECHANICAL QEFLECTION, 
ELECTRICAL INDICATION DIAPHRAGM 
COMPRESS 
BOYLE’S L Me LEOD 
MOLECULAR REBOUND 
KNUOSEN FROM) HEATED SURFACE 
THERMAL PIRANI AND 
ONDUCTIVITY THERMOCOUPLE 
| 1ONIZATION BY 
IONIZATION LOW-ENERGY ELECTRONS 
ELECTRICAL DISCHAR 
PHILIPS MAGNETIC FIELD 
JOWIZATION BY 
‘ALPHATRON” IONIZATION GAUGE 


Fig. 1. Useful pressure ranges for various operating principles. 


capsule evacuated and sealed off. 
v 


pressure being measured. 


As indicated by the four-point jagged 
edge at the high-pressure end of the 
Bourdon ‘tube and liquid manometer 
ranges, these instruments are also use- 
ful at pressures higher than those 
shown. The diagonally lined portion 
represents performance which, for one 
reason or another, is somewhat mar- 
ginal. The other range-limit symbol— 
the three rounded fingers—represents 
roughly the limit beyond which it is 
not ordinarily worth while to extend 
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Fig. 2. Sensitive aneroid capsule 
element. 


the particular operating principle, since 
another, simpler design is entirely ade- 
quate. 

Figure 2 shows a commercial aneroid 
gauge of high sensitivity. The main 
bellows are evacuated and the unknown 
pressure is introduced into the sur- 
rounding chamber. High pressures col- 
lapse the bellows, which are thus self- 
protecting. The small metal bellows 
act as a vacuum-tight, friction-free ful- 


crum. 
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As Figure 1 shows, the principle 
of mechanical deflection visually ob- 
served is useful only above 100yu; its 
greatest usefulness is above 1 mm. 
Extension to lower pressures is made 
possible by observing the mechanical 
deflection with more subtle and sensi- 
tive means, as in the diaphragm gauge. 
In two well-known commercial dia- 
phragm gauges with ranges extending 
to slightly below lp, different elec- 
trical deflection-sensing means are used. 
One is based on the unbalance of a 
capacity-measuring alternating-current 
bridge circuit, and the other uses the 
variation of coupling between two tiny 
coils when the nearby metal diaphragm 
is deflected by the unknown pressure. 
In the former the deflection is brought 
back to null by an ingenious electro- 
static attraction method, the unknown 
pressure being calculated from its pro- 
portionality to the square of the attract- 


ing voltage. This gauge has been 
widely used on mass _ spectrometer 
equipment. 


As diaphragm gauges are made more 
sensitive, they become subject to a 
host of ills, which are all significant 
limitations : mechanical fatigue and hys- 
teresis, susceptibility to ambient tem- 
perature changes and differential tem- 
peratures, vibration and _ orientation 
sensitivity. Accordingly, when gauges 
for measuring pressures lower than a 
few hundred microns are devised, some 
desirable feature must almost inevitably 
be relinquished. 


Medium- and Low-Pressure Gauges, 
Nearly Composition independent 


The McLeod and Knudsen gauges 
most nearly retain the feature of com- 
position independence. Figure 3 shows 
two forms of the McLeod gauge, which 
may be termed a pressure-multiplying 
liquid manometer. Direct visual meas- 
urement of low pressures is obtained 
by compressing a known large volume 
of gas into a much smaller known vol- 
ume; the pressure exerted by this com- 
pressed gas is then sufficient to support 
a measurable column of the manometric 
fluid, which is nearly always mercury. 
It is necessary that the gas obey Boyle's 
law, hence condensable vapors gener- 
ally cannot be measured accurately with 
McLeod gauges of the usual compres- 
sion ratios. The continuous-reading 
feature is also sacrificed: manipulation 
is somewhat awkward and about a 
minute is required for pressure equal- 
ization and reading. Vapors of the 
mercury or other manometric fluid will 
diffuse into the vacuum system and 
may cause trouble unless valves or cold 
traps are used. Despite these short- 
comings the McLeod gauge is, however, 
a fundamental standard of pressure, and 
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it is widely used by manufacturers in 
calibrating other convenient 
gauges. 

As Figure 1 shows, a Knudsen gauge 
is useful in a pressure range which 
overlaps that of the McLeod gauge 
nicely and extends to pressures about 
two decades lower. Many variations 
in construction have been made from 
time to time but the only commercially 
available Knudsen gauges have the gen- 
eral construction shown schematically 
in Figure 4. A very light vane and 
a mirror are supported on a delicate 
torsion suspension. Adjacent to the 
suspended vane there are two fixed 
vanes heated electrically. When very 
rarefied gas is present in the regions 
between the vanes, a force is experi- 
enced whereby the suspended vane is 
repelled against the torsion of its sus- 
pension. The resulting deflection is 
read on the translucent scale, and the 
pressure obtained from a calibration 
curve. 

For proper operation of the Knudsen 
gauge, it is necessary that the mean 
free path of the gas molecules be large, 
which implies pressures well below a 
micron: the mean free path in inches 
is very roughly equal to 2 divided by 
the pressure in microns of mercury. 

If the gas pressure is sufficiently low 
so that the mean free path is much 
greater than the gap between vanes, 
then the angular displacement of the 
vane, read on the translucent scale, is 
accurately proportional to the pressure 
of the gas present. If the construction 
of the gauge is such as to establish 
definite temperatures for the various 
elements, then within a few per cent 
the deflection is essentially independent 
of the nature of the gas, including con- 
densable vapors, as long as the above 
mean free path criterion is met. No 
commercial gauge known to the author 
embodies this rather 
struction, however, and the feature of 
approximate composition independence 
is thus usually confined to the lower 
portion of the pressure range. Despite 
its interesting potentialities, the Knud- 
sen gauge in its present available form 
has seen but little continuing industrial 
application. The most significant rea- 
sons for this neglect are probably a 
tendency toward mechanical awkward- 
ness and the lack of convenient remote 
indication. An interesting Knudsen 
gauge without some of these limitations 
has recently been described by Litting 
and Taylor. 


expensive con- 


Thermal Conductivity Gauges 


As Figure 1 shows three more types 
of gauges are useful in the range of 
pressures above a micron. The thermal 
gauges 


conductivity gauges—Pirani 
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Fig. 3. Mcleod gauges. 


and thermocouple gauges—which are 
extremely simple and inexpensive, are 
widely used in the range from a few 
microns to a few hundred microns. 
The important element of these gauges 
is a fine wire or ribbon heated 
trically and immersed in the gas whose 
pressure is to be measured. The steady- 
state temperature attained by this heated 
wire is determined by a heat balance: 
heat loss takes place by conduction 
through the electrical connecting leads, 
by thermal radiation, and, convection 


elec- 


through the surrounding gas. It is a 
well-known and highly interesting fact 
that for pressures within two or three 
decades of atmospheric, the heat con- 
ductivity of gases is very nearly pres- 
sure independent. This curious state of 
affairs is a result of the fact that for 
these pressures the mean free path of 
a gas molecule is very much smaller 
than the dimensions of ordinary ap- 
paratus. For pressures low enough 80 
that the mean free path is not negligibly 
small, however, the thermal conductiv- 


being unimportant, by conduction ity changes with pressure and even- 
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tually decreases in linear proportion to 
the decreasing pressure. 

The relationship between wire _tem- 
perature and gas pressure is thus char- 
acteristically different in three differ- 
ent ranges of pressure. At high pres- 
sures (above 1 mm.) the constant 
gas conduction accounts for nearly all 
of the heat loss, and the relatively low 
temperature attained by the wire is in- 
dependent of pressure. At intermediate 
pressures the heat loss through the gas 
decreases as discussed above, and all 
three mechanisms of heat loss are im- 
portant, with the result that the at- 
tained temperature rises and depends 
on the pressure. At pressures below a 
few tenths of a micron the heat loss 
through the gas is negligible compared 
with conduction through the leads and 
with radiation: the temperature tends 
toward a flat maximum and again be- 
comes independent of pressure. 

In the Pirani gauge the wire clement 
is usually made one of the four elec- 
trical resistances of a Wheatstone 
bridge; a change in pressure alters the 


following the standard pressure cali- 
bration with reasonable accuracy. 
Since the relation between gas pres- 
sure and wire temperature depends on 
cooling by the gas and since different 
gases have somewhat different heat 
conductivities, the calibration curve of 
the gauge is different for different 
gases. Furthermore, the indications at 
low pressures depend on the surface 
condition of the wire, which can affect 
both the heat radiation (emissivity) 
and the heat conduction through the 
gas (accommodation coefficient). The 
thermocouple gauge, in particular, is 
rather unreliable for pressures below 
about 20 pw. Except in specialized de- 
signs not readily available commer- 
cially, these gauges do not follow rapid 
fluctuation in pressure very satisfac- 
torily since an appreciable time (gen- 
erally greater than one second) is re- 
quired for the necessary heating or 
cooling to take place and for the final 
reading to be attained. Despite these 
limitations Pirani and thermocouple 
gauges are so simple, inexpensive, and 
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Fig. 5. lonization gouge. 


wire temperature and hence its resist- 
ance, thus unbalancing the bridge and 
resulting in a useful current in the 
bridge microammeter, As indicated in 
Figure 1, the most reliable range is 
from a few microns to a few hundred 
microns, 

The thermocouple gauge is a simple 
alternative means for utilizing the re- 
lationship between wire temperature 
and pressure. One or more thermo- 


couples, in thermal contact with the 
heated wire, are connected to a low- 
resistance microammeter bearing an ap- 
propriate nonlinear scale of pressure. 
It is customary to adjust the current 
input to the wire heater to some factory- 
determined value which will result in 
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easy to use that they are universally 
used where a pressure indication, rather 
than an accurate measurement, is all 
that is required. 


Gauges Using Electrical lonization 


The operation of an important class 
of gauges involves ionizing the gas by 
some means and then measuring the ion 
current. By suitable design this ion cur- 
rent can usually be made to follow a 
linear law over several decades. It is 
important to recognize that the ioniz- 
ing properties of various gases differ 
characteristically; thus the ion current 
for one gas will differ from that of an- 
other, even though their pressures are 
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equal. Furthermore, the quantity ac- 
tually measured is not pressure but 
number of gas molecules per unit vol- 
ume; the molecular velocity (and hence 
the temperature) has no effect on the 
ionizing process. This fundamental 
difference is of great importance and 
great potential usefulness, since gauges 
operating on the ionization principle 
can measure gas density directly. Space 
does not permit discussion of this point, 
but with ingenious application the 
ionization technique, suitably combined 
with other techniques for measuring 
true pressure, temperature, sound veloc- 
ity, and the like, is applicable to a wide 
variety of instrumentation problems. 

Figure 5 shows the common hot- 
filament ionization gauge, wherein the 
ionizing agent is a stream of low-energy 
electrons emitted from an incandescent 
filament. The electrons are attracted 
toward a grid, which is at a positive 
potential with respect to the filament 
and which may take the form of a 
spiral as shown in the figure. Sur- 
rounding the filament and grid struc- 
ture is a cylindrical electrode which is 
maintained negative with respect to the 
filament and which serves as collector 
for the positive ions formed in the gap. 
Most of the electrons miss the grid at 
first approach and oscillate a few times 
in the space between the ion collector 
and the filament before ultimately 
reaching the grid. While traversing 
this path they make ionizing collisions 
with intervening gas molecules; those 
positive ions formed in the space be- 
tween the grid and the collecting elec- 
trode are attracted to the collector and 
this ion current is then measured. 

The dimensions of the gauge, most 
particularly the outer cylindrical col- 
lector, determine the sensitivity of the 
gauge, which may be expressed as the 
ratio of ion current to electron current, 
for a particular gas (usually dry air) 
at a stated pressure (usually a micron). 
Equivalently, sensitivity may be ex- 
pressed as the ratio of ion current to 
gas pressure, for a particular grid elec- 
tron current. A typical sensitivity is 
100 pa/p of air pressure at 5 ma of 
grid current. 

The hot-filament 
suffers from various 
Since the electron-emitting 
are operated at red or white heat, they 
are drastically affected if the gas pres- 
sure is inadvertently increased above 
a few microns. Without protective cir- 
cuits burrout is inevitable if such a 
gauge is exposed to atmospheric pres- 
sure with the filament hot. Protective 
circuits are in common use to relieve 
this disadvantage, but a shortening of 
life at operating pressures above a 
micron establishes this figure as the 


ionization gauge 
disadvantages. 
materials 
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upper limit to the useful pressure range. 
A further disadvantage is that the hot 
filament heats the gas drastically, which 
may cause objectionable chemical re- 
actions to occur, to the detriment of 
the gas or the gauge. Finally, since 
the various portions of the gauges are 
at elevated temperatures, there is con- 
siderable difficulty with sorption and evo- 
lution of gas by the gauge itself, effects 
which can mask the desired response to 
the gas pressure being measured. At 
pressures below 10-7 mm. a limitation 
due to the action of soft X-rays has 
been recognized and circumvented, but 
these pressures are not of interest in 
this study. 

Some of these disadvantages are par- 
tially or wholly removed in the Philips 
gauge, invented by Penning. This is a 
cold-cathode gauge and consequently 
is free from the high temperature dis- 
advantages of the hot-filament ioniza- 
tion gauge. Figure 6 shows schemat- 
ically the construction of a_ typical 
Philips sensing head. The anode is an 
open-ended pill box and the cathodes 
are disks spaced coaxially a short dis- 
tance from the ends of the anode. An 
electric potential of approximately 2000 
v. is applied between anode and cath- 
ode, and the gauge elements are im- 
mersed in a longitudinal magnetic field 
of approximately 500 gauss, generally 
obtained from a permanent magnet. 
The function of the magnetic field is 
to force the electrons which appear in 
the inter-electrode space to travel in 
spiral paths of many turns.. Thus, each 
electron traverses a long path before 
being collected at the anode and has a 
correspondingly good chance of pro- 
ducing ionization in the gas. This in- 
creased path length lowers the mini- 
mum pressure at which an electrical dis- 
charge can be self-sustained, and makes 
the Philips gauge useful at lower pres- 
sures than can be employed in other 
gas discharge devices. 

The range and linearity of the Phil- 
ips gauge are sensitive to the materials 
of construction and to the exact elec- 
trode configuration. One disadvantage 
is that there is a considerable tendency 
for the surface of the high-voltage insu- 
lator to become contaminated by the 
action of the discharge; this requires 
periodic cleaning of a drastic nature, 
such as sand blasting. The great advan- 
tage of the Philips gauge is that it is 
burnout proof and can stand exposure 
to atmespheric pressure without dam- 
age. 

The third principal type of gauge op- 
erating on the ionization principle is 
the Alphatron ionization gauge, 
shown schematically in Figure 7. Here 
the ionization of the gas is produced 
by a constant flux of high-energy alpha 
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particles emitted from a thin foil con- 
taining radium and its radioactive 
decay products. radium is 
sealed to prevent escape of radon, the 
only gaseous decay product, and 
the amount of radium required is small 
enough to be entirely nonhazardous. 

The alpha particles are very effective 
ionizers of the gas inside the gas cham- 
ber. The ion current is, however, too 
small to be read directly on a microam- 
meter and requires amplification by a 
simple circuit. This circuit is not 
shown in the sketch of Figure 7, but 
the connection to it is made by way 
of the insulated electrodes in the end 
of the ionization chamber. The Alpha- 
tron shares with the other electrically 
indicating instruments—the thermo- 
couple, Pirani, Philips, and hot-fila- 
ment ionization gauges—the advantage 
of a sensing head and an indication 
unit which are connected by means 
of a cable of noncritical length and 
which can hence be physically sepa- 
rated for maximum convenience. 

The Alphatron has several uniquely 
useful features. First, since no parts 
of the gauge are required to operate 
at any temperature other than ambient 
temperature, there is a complete ab- 
sence of the thermal effects which are 
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so troublesome in the hot-filament 
ionization gauge. This also makes it 
possible for the gauge to operate satis- 
factorily at any temperature from a 
few degrees above absolute zero to the 
melting point of the materials of con 
struction. A second advantage is that 
no high-voltage discharge is used and 
there is consequently no “gettering” ac- 
tion from this cause. The third ad 
vantage is the inherent linear relation- 
ship between gas density and ion 
current, provided only that certain di- 
mensional considerations are recognized 
in the design. By means of the ion- 
chamber configuration sketched in Fig- 
ure 7, it has recently been found pos- 
sible to make the range of a single 
instrument cover somewhat more than 
six factors of ten with perfect linearity. 


Summary of the Cheracteristics of 
Commercial Gauges 


Figure 8 is an attempt to summarize 
various properties of the gauges dis- 
cussed in this paper. The pertinent 
properties have been phrased as ques- 
tions stated in the left-hand column, 
the questions being put in such a way 
that a yes answer indicates a point in 
favor of the particular gauge. A blank 
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square indicates such a yes answer, and 
as shown in the key at the upper left- 
hand corner there are three degrees of 
no answers, represented by three de- 
grees of diagonal shading. It is, of 
course, impossible to make the indi- 
cated evaluations completely quantita- 
tive, but Figure 8 has been carefully 
considered and should prove a useful 
guide and summary. 

As mentioned earlier, the pressure 
ranges over which various operating 
principles are most useful were set forth 
in Figure 1, without the implication 
that a single unit embodying any par- 
ticular operating principle would cover 
the entire range given. Figure 9 has 
been drawn that an idea can be 
obtained of the useful range of indi- 
vidual units commercially available. It 
can be seen that the mechanical deflec- 
tion gauges are generally single-range 
units covering pressure ranges of two, 
or at the most three, decades. McLeod 
gauges are available covering a five- 
decade range. The commercially avail- 
able Knudsen gauge covers a low pres- 
sure range of about two decades; with 
increasing pressures above a micron 
the gauge reads off-scale until at high 
pressures this indication again becomes 
small enough to give an on-scale read- 
ing. This can be a serious disadvan- 
tage since a single reading thus can 
correspond to two widely different 
pressures, 

The Pirani and thermocouple gauges 
are most useful over about two decades 
of pressure. In contradistinction, all 
three types of gauges based on the 
ionization principle—the hot-filament 
ionization gauge, the Vhilips  cold- 
cathode gauge, and the Alphatron 
ionization gauge—have useful pressure 
ranges of many decades. 
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I recent years the cost of maintenance 
work in chemical plants has been in- 
creasing steadily. The increase has been 
very large, measured in dollars, but 
perhaps of more importance has been 
the fact that maintenance is becoming 
a larger factor in total manufacturing 
cost. 

Two developments have contributed 
to this relative increase. One is that the 
chemical industry has made wide ap- 
plication of technological improvements 
to mechanize manufacturing processes 
and increase productivity. 
has been speeded to attain maximum 
possible output with closer tolerances of 
quality and maximum safety. Besides 
being more complicated and _ intricate, 
equipment has more instrumentation 
and other engineering advancements in 
design, As the engineer's dream of the 
automaton is approached, there are sub- 
stantial number of 
operators required, but at the same time 


Equipment 


decreases in the 
the maintenance load is increased. In 
some plants there are as many 


opera- 


new 
workers on 
tion. 


maintenance as in 
Thus, the technological advances 
which decreased operating labor in 
creased maintenance cost. 

\nother important 
creased maintenance cost is that mainte- 
nance work has not been subjected to the 
same intensive scrutiny and study as has 
production work. Many industrial engi- 
neering techniques have not seemed so 
readily applicable to maintenance, and 
often the importance of maintenance as 
a factor of cost was not recognized. 

To reverse the trend of soaring main- 
tenance industrial engineering 
techniques must be applied to mainten 
ance to the same degree that they are 
applied to production. In several plants 
of the du Pont Company, for instance, 
the use of techniques of measurement 


reason for in- 


cost, 


improved maintenance effectiveness. 


Proper Methods 


In order to insure effective perform- 
ince, maintenance personnel must have 
proper methods, that is, they must know 
what to do, how to do it, when to do 
tools to do it with, 

materials on hand, 


it, have the best 
have all 
and do the work under the most favor- 
ible conditions, Controls which aid in 


developing proper methods include : 


necessary 


1. Planning the job. 

2. Scheduling the job 

3. Control of materials. 

4. Control of tools 

5. Preventive maintenance. 
6. Maintenance cost analysis. 


PLANNING THE JOB 
procedure for cuthorizing work. 
on analysis of the job for: the work to be 


an orderly 
It consists of 


requires 


done, manpower requirements, material require- 
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Productivity in 


ments, and tool requirements. A step-by-step 
procedure and safety precautions must be de- 
termined, and everyone concerned with the 
execution of the job must be informed of the 
plan. 


schemes for accomplishing the work often lead 


At this stage comparisons of alternate 


to fruitful improvements in methods. 


SCHEDULING THE JOB includes determination 
of the time when the manpower and material 
will be available. Establishment 
starting and completion is made in this step, and 


of time for 


everyone concerned is informed. 


CONTROL OF MATERIALS involves considera- 
tion of the technical and economic factors which 
determine the selection of the best material, 
arrangements to insure delivery at the job 
site of all material at the required time, and 
communication of material requirements to the 


g department 


stores or purch 


CONTROL OF TOOLS covers the selection of 
the proper tools for the method odopted and 
the moterials selected and includes orrange- 
ments for delivery of these tools to the job 
when needed. 


PREVENTIVE MAINTENANCE includes 
vision of a schedule for inspection, adjustment, 
and overhaul of each major piece of equipment 


pro- 
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and analysis of all forced ovtages or failures in 
service which may indicate that a revision of this 
schedule is ded. Conti review of the 
schedule is necessary to insure inspection ond 
An odequote 
knowledge of the history of equipment main- 
tenance is ao prerequisite to the foregoing. 


overhaul! at economical intervals 


MAINTENANCE COST ANALYSIS assumes the 
existence of an adequate maintenance cost 
lt furnishes the basis for a comparison 


between alternate methods and provides a con- 


system 


tinvous check on maintenance performance or 
effectiveness, and resulting cost, which is the 
final answer. 

The rather 
time study is used in this discussion be- 
only 


term measurement than 


cause time study generally wuplie 


the determination of time values, and 


measurement covers the determimation 


values and their application 


Time study is no longer the only tech 


ol tink 


nique used for labor measurement; the 


new technique of predetermined time 
values for basic motions offers many ad 
vantages in setting time values, The 


Du Pont ¢ ompany has used one of these, 
Methods-Time-Measurements for the 
measurement of certain types of maim 


tenance work with considerable success 
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Table 1.—illustretion of a Basic Data 
Time Valve 


Operction—instell a %-in. bolt 


Description—Position self, insert bolt in hole, 
place nut, and tighten with a ratchet wrench 


Table 2.—illustration of a Summary Valve 


Operation—Make up a 2-in. flange joint 


Description—Plan layout and measure job, dope 
and place gasket, dope and place 4%-in. bolts 


Normal Time Value—0.89 min./bolt 5.0 min. 
Dope and place gas. ......... 0.5 min. 
1.0 min. 
Place 4%in. bolts ........... 3.5 min. 
10.0 min. 
JOB ANALYSIS SHEET 
JOB TITLE PUMP LIME TO K-10 AMD JOB NO. CODE 
LOCATION WO. CRAFT 
ANALYZED BY 4.0, DATE aveusT 3, 1993 
OPERATION UNIT | QUANTITY eS 
PER UNIT TOTAL 


10 408 @ RET. 2 : 
f° somTs ae 193.4 
TOTAL s 
ALLOWANCE - 10% = 
STANDARD MINUTES = vane 
STANDARD HOURS = 

Fig. 1. 


The term basic data involves the pro- 
per description and determination of the 
normal time of an element or small 
portion of work commonly associated 
with a bodily motion or perhaps with 
the manipulation of a hand tool. Since 
basic data is so widely used in successful 
standards applications of direct labor, it 
follows that maintenance work also could 
be broken down into common and uni- 
form elements of work. Since a basic- 
data element is repetitive in any class of 
work, nonrepetitive jobs could be meas- 
ured by simply combining the required 
elements to arrive at standard time 
values. It was as a result of this basic 
reasoning that labor measurement was 
applied to maintenance work. 


Requirement for Success 


Successful application of measure- 
ment to maintenance work involves the 
following steps: 
1, Development 

values. 

2. Development of summary time values 
or standards, 

3. Job analysis and 
standards. 


of elemental time 


application of 


DEVELOPMENT OF ELEMENTAL TIME VALUES 


By this is meant an element of work 
properly described and the normal time 
value determined. Table 1 shows an 
example of an element, namely, install- 
ing a 5-in. bolt. The operation includes 
positioning self, inserting bolt in hole, 
placing nut, and tightening with ratchet 
wrench. The normal time required to 
perform this operation without allow- 
ances is 0.89 min./bolt. 

This approach was followed in de- 
termining the elements and time values 
applicable to each maintenance craft. 
The number of elements for an indi- 
vidual craft is large, but not so large as 
might be supposed. These elemental 
values can be used at any plant, regard- 
less of the product. After a sufficient 
number of elemental values have been 
determined, further time studies are not 
required except for new types of work. 


DEVELOPMENT OF SUMMARY STANDARDS 


The elemental values are too small 
and occur in too great numbers in actual 
jobs to use in day-to-day application. It 
is necessary to develop summary stan- 
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dards by combining the elements into 
groups as they would normally be used. 
Table 2 shows an example of the 
formulation of a summary standard. 
Shown are the elements and the total 
time of 10.0 min. for making up a 2-in. 
flanged joint. Summary standards based 


on individual plant conditions and 
equipment must be assembled to fit an 
individual plant. 

Like the number of elements for an 
individual craft, the number of elements 
for any plant is large; however the 
number of combinations for application 
standards for any one plant is not 
necessarily large. The summary stan- 
dards required to measure all types of 
pipe work cover twenty pages, but 
seldom does a single pipe crew do all 
kinds of pipe work. All the summary 
standards regularly used by some craft 
groups can usually be reduced to one 
page, and many of the standards are 
soon memorized by those using them. 


ANALYSIS AND APPLICATION 


Measuring a job before beginning 
the work is advantageous. Measurement 
requires a thorough job of planning, 
which may be called preplanning. Pre- 
planning and measurement should be 
done by an analyst thoroughly familiar 
with all the details of the craft. Usually 
a member of the craft group, he should 
have imagination, initiative, leadership, 
and craft knowledge. Often he is the 
potential foreman for that group. 

When a work order for maintenance 
work is received, the analyst first dis- 
cusses the job with the foremen of the 
crafts involved to find the best ap- 
proach. A visit to the site of the job 
or a review of the work order with the 
originator may be necessary to deter- 
mine the best methods and most effective 
equipment and the time for doing the 
job with a minimum of interference 
with operations. Figure 1 illustrates 
the kind of detail which is required. 

The last two columns of Figure 1 
are the time columns. In the first is 
shown the “Normal Time” value per 
unit of work. This is multiplied by the 
quantity of units for this particular job, 
and the result is shown in the total 
time column. The total of this column, 
along with a percentage allowance for 
fatigue and personal time for the work- 
men, is the total time allowance for the 
job, not the elapsed time. It is usually 
expressed in terms of hours. The actual 
percentage allowance may vary for 
plants, according to local custom and 
agreement. In some places this figure 
may have been established by experience 
with other measurement systems. 

In order to insure that the benefits 
of the thorough and precise analvsis 
involved in planning the job are trans- 
mitted intact to the mechanics and 
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other people directly concerned, an addi- 
tional form, called a job summary 
sheet, Figure 2, is normally used. If 
there is an engineering drawing for the 
job, this Job Summary Sheet may be at- 
tached to the drawing for reference. If 
more than one craft were necessary to 
complete the work, sufficient information 
would be provided in the job descrip- 
tion to assure coordination of the work 
of several crafts. This sheet represents 
the combined results of all the planning 
and analysis of the analyst, the fore- 
man, and the originator of the request. 


On this Job Summary Sheet, safety 
hazards are pointed out and safety pre- 
cautions included in the description of 
the work to be performed. Time re- 
quired to take these precautions is 
included in the time estimate. 

A copy of this summary sheet should 
be sent to the stores department several 
days in advance of the starting date to 
prevent delays due to shortages of these 
items. Normally, the craft maintenance 
supervisor will not start his mechanics 
upon a job until he is certain that all 
materials are on hand. 


JOB SUMMARY SHEET 
JOB TITLE sence ume ro ae JOB NO. CODE 
LOCATION some mee CRAFT 


ANALY 
LYZED BY 


JOB DESCRIPTION 


Sours GAY 2. TO On 


for wae 
To onam 


«REQUEST 


2 sae 


aut DESCRIPTION 

| eve" | 104 

| 2° 104 


caart 
ster 


OfSCRIPTION 
2° 
wes 
oe nuts 


FLOOR 


STANDARD HOURS = 15.4 
ACTUAL HOURS 


Fig. 2. 


MAINTENANCE 


PREPLANNING 


AND MEASUREMENT 


EFFECTIVENESS 


78% 


50% 


EFFECTIVENESS AFTER 


85% 


BEFORE 


86% 


a 86% 
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Summary 


The advantages of a measurement 
program for plant maintenance work 
are the following: 


1. A basis for development of improved 
methods. 

2. Better work planning. 

Control of maintenance forces. 

4. A basis for budgeting available 
maintenance services according to 
the needs of various operating 
departments. 

5. A definite improvement in worker 
morale due to avoiding delays 
and confusion. In every case where 
this technique has been used, there 
have been requests from mechanics 
that work not covered be included in 
preplanning and measurement. 

6. Promotion of closer cooperation be- 
tween maintenance and operating 
personnel. Where the operating 
people are convinced that the main- 
tenance department is determined to 
provide better service, they will do 
much to cooperate. 


ad 


The many intangible benefits derived 
from the use of an organized measure- 
ment program are difficult to evaluate 
in terms of dollars. It is relatively easy 
to determine the actual cost of main- 
tenance services in a plant. It is not a 
simple matter, however, to evaluate the 
full effect of poor maintenance or lack 
of maintenance, as this shows up in 
high production costs from operating 
delays and lost production. But Meas- 
urement is not a cure for all mainten- 
ence ills. On the contrary, it introduces 
some problems and headaches that are 
peculiarly its own. 

As a matter of fact, a maintenance 
department must be well organized and 
well run before it can possibly succeed 
with measurement. No maintenance 
group is ready to undertake measure- 
ment until it has the functions of plan- 
ning and scheduling well established as 
a normal part of its operation. Meas- 
urement is a means of lifting these 
functions to a level of effectiveness 
higher than the levels achieved without 
measurement. 

In spite of the difficulties, the use of 
the preanalysis and measurement tech- 
nique in the du Pont Company has made 
possible significant improvements in the 
effectiveness of maintenance work. 
Figure 3 shows a comparison of effec- 
tiveness of maintenance labor before 
and after installation of preanalysis and 
measurement. A gross saving of about 
three dollars has been realized for every 
dollar expended in the application of 
the program. 


Presented at Loulsa meeting. 
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ALUMINUM ALLOY REFERENCE SHEET 


HARRY W. FRITTS — Aluminum Company of America, New Kensington, Pa. 


Wrought Alloys 525 and AS4S ALUMINUM ALLOY Formability: Both of these 
alloys have good formability. 
325—Sheet, plate, wire, rod, A.$.T.M. ALLOY DESIGNATIONS: AS.T.M. SPECIFICATIONS: 

A$48-—Sheet, plate, wire, rod, 528 — GR20A B176, B209, B210, B2I1, B274 machining, use high machine 
A548 — GR40A B178. B273, speeds and high rake angle. 
uttings wi ¢ stringy, how- 

Applicatio d R ks: Be- . . chip break 

ot hatter mechanics) MECHANICAL PROPERTIES: Temper Designations 
properties, alloy 52S is often 52S AS4S cially the harder tempers 
used instead of 3S, 48. or 508 than on the softer alloys ; 

in various applications. A54S —Hs —H34 —H38 


is relatively new com H T : Ww 
. Tensile strength, Ib./sq.in.. 27.000 37,000 41,000 35,000 42,000 46,000 eat Treatment: Wrought alloys 
mercial alloy. It is the highest vieid strength, lb./sq.in... 12.000 31.000 36.000 15.000 33.000 39.000 528 and A54S are nonheat- 
able alumi- Elongation in in. treatable. Their strengths 
num alloy for sheet and plate (1/16 in. sheet) .. 25 10 7 25 12 8 are considerably improved by 
It appears to be ideally euined Shear strength, lb./sq.in.... 16,000 21,000 24,000 22,000 25.000 28,000 cold working. The properties 
Brinell hardness 500 kg. “a of the intermediate and herd 


for pressure vessels, tank 
cars, tank trailers, and ma- load, 10 mm ball ° o° 67 75 57 78 67 tempers are stabilized by 


rine applications Welding treatment at a slightly ele- 
wire of A548 is being used PHYSICAL PROPERTIES: 52S AS4S vated temperature. 
successfully to join other 
aluminum alloys which here- Modulusof elasticity,|b./sq.in 10,100,000 10,100,000 Weldability: These alloys can 
tofore could be welded only re oe gravity .. ee 2.68 2 be welded by all the common 
with aluminum-silicon’ wire ight a 0.097 096 methods but as with oth 
(438). Alloy 528 is included Melting - 1100°-1200° 
in section 8 of the 1952 Thermalconductivity Btu. 958 (0) ns yy alloys, inert gas 
A.S.M.E. Boiler and Pressure thr.) (° F./in.).. 956 (—H36) 640 (—-H38) y is 
Vessel Code. Alloy A545 is verage coefficient of thermal “aave © 
approved for the fabrication a Z 5 troublesome. They should be 
of unfired pressure vessels 76° } welded with A54S wire for 
under code case 1174. a i ’ best resistance to corrosion, 
strength, and elongation 
a= $4, through the weld. These alloys 


% Me, 0.254 Cr, 
Electrical conductivity— are particularly suited for 


! 
A54S—3.5% My. 0.25% Cr, % of International Annealed - wil automatic welding by con- 
balance Al Copper Standard o—e a sumable electrode processes. 


CORROSION RESISTANCE 


Calcium sulfate, sat. soln., r.t.* 
ay ae Calcium sulfide, all cones., r.t.* 
Acstie, gy Magnesium chloride, all concs., rt. 
hectic boiling Maquestam sulfate, to 50% soln., 
Ac othe chioride, all concs., r.t. 
enzoic, in. 180° - Potassium sulfate, all concs., r 
n., Sodium chloride, all concs., r.t. 
Sodium sulfate, all cence 
to 40° 
Carbonic, all concs., r.t. Alum, paper makers, r.t.* 
Fatty, up to boiling* ... Food | 
Hydrocyanic, all concs., r.t.*.. am alt conse. Edible ils and fa 
E olls an ats 
F ON Ammonium nitrate, all concs. Fatty acids * 
L. nhydrous, rt.* to 285° F.* Fruits and fruit juices 
actic, Ammonium sulfate, all concs Vegetables * 
Lactic, By 4 yas ; Copper chloride, nitrate, sulfate Milk 
Maleic, 30 oo eens nee Ferric chloride, nitrate, sulfate Beer * 
alic, to ercury salts . N° 
Naphthenic, up Nickel Chloride, nitrate, sulfate Paper Mill A 
Nitric, above HP Silver salts Kraft liquor 
Nitric, below 120° re. Stannous and stannic ealts Black liquor 
cic, up to t 
Oxalic, all concs., vie Gases Sulfite 
Oxalic, all concs., elevate Acetylene, dry® ........ Chloride bleach solution 
tem erature, x ne. Air, wet or dry, hot or cold . Chloride bleach vapors 
Phosphoric, cone Ammonia, dry * Hydrogen peroxide (above 30%)* 
Phthalic, = Bromine Paper makers alum * 
Carbon dioxide, wet or “dry. hot Humid and chemical atmospheres bd 
ropionic ae or cold 
Propionic anhydride, r.t. eorree Chlorine, wet or elevated temps. 
Sulfuric, at lydrogen sulfide, “wet or dry, umid atmospheres 
Sulfuric. other wae fuming rept het or cold ® Cellulose acetate * 
Sulfurous, Nitrogen, wet or dry, hot or cold Acetic 
Tannic, all concs., ‘pur Th ges Oxygen, wet or dry, hot or cold *. Developers . 
Silver nitrate .. 
Solutions containing 


Glycerine, to boiling * ne 

r.t 

Amyl, r.t.* 

Methy! Ethyl Ketone * 

Oils, crude, essential, refined, 
vegetable * ae 

Oils, sour crude (H.S)* . 

Trichloroethylene, dry, r.t.* 


Pickling Operations 
Acid Salts Acetic Acid (Mag. Products)® .. 


Sulfuric plus dichromate .... ia 


mmOmmOa 
mmm 


cones 


Zzm 


MmmOOmmm 


Tartaric, all cones, rt see Sulfur dioxide, dry 
Alkalies Sulfur dioxide, wet .. 


nium hydroxide, comm'L, 
hydroxide, all concs. Fertilizer Industry 
Aniline, all concs., to Urea * 
Alkaline Salts Benzaldehyde, r.t.* 
Potassium carbonate, all concs. Benzene, to boiling * 
Sodium bicarbonate, r.t.* Carbon disulfide, to boiling * e 
Sodium carbonate, all concs Carbon tetrachloride, dry, r.t.* . 
Sodium sulfide Chloroform, dry, r.t. 
Ethyl Acetate, pure, r.t. 
tral Salts Formaldehyde*® .....-. 
Calcium chloride, all concs., Furfural, r.t.* 
to 200°F. .. Gasoline, to boiling 


“Mmmm 


* Aluminum alloys used commercially. 


* Subject to pitting-type corrosion. 


TUM 


' Must have trace of moisture present at boiling 
temperature. 


*May be inhibited with sodium chromate. 


existance, 0.004-0.042 in./year P—Poor resistance. 0.120-0.420 in. 
ice expected; at most a alight etch : temporary service only. 
E—Fxreellent resistance, 0.004 max. in./ F—Fair resistance. 0.052-0.120 in. of N—-Aluminum not recommended. Rate of (). 
year of penetration Corrosion #0 penetration/year. Satisfactory serv attack high 
slight aa to be harmless ice under specific conditions, Light rt Room temperature 
to moderate attack. 
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he major effort to cope with the grow- 
ing complexity of science, business, 
and government has been ever-increasing 
specialization. This was impressively 
pointed out by Richard B. Morris, who 
recently compiled a list of 300 notable 
Americans from the Encyclopedia of 
American History. We said in part, 
“The list underscores the decline of 
versatility and the growing trend toward 
specialization. The bulk of those who 
made signal contributions to more than 
one field belonged to an era when it 
seemed feasible for a man to acquire an 
encyclopedic mastery of several disci- 
plines. Today most of the intellectual 
disciplines are far more exacting and 
much more complex. With conspicuous 
exceptions, most of the notable Ameri- 
cans since 1850 have been specialists 
lacking that broad grasp of the humani- 
ties which characterized the great fig- 
ures of our early history.” 

Looking forward, William II. Whyte, 
Jr.. commented on what he calls “the 
new illiteracy,” 


We hear much about the reawakening 
interest in the humanities, the new apprecia- 
tion of the generalness in the liberal arts, 
the dissatisfaction with 
specialization But these signs 

minute, I suggest, to those coming 
from the other direction. I offer the 
proposition that the trends that have been 
working against the humanities are likely 
the 


growing over 
May be so. 


are 


to increase, not decrease, in decade 


ahead. 


Further specialization, therefore, will 
result in even greater neglect of the 
humanities. It would be a sad outcome 
of the endeavor for scientific, industrial, 
and political efficiency to discover that 
we had become imaginatively sterile, 
narrow in vision, and uninspired intel- 
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A CHALLENGE 
TO ENGINEERS 


George E. Holbrook 


er 


Slurry pressed, & dried —-+ 


Are we going in too much for specialization? Are we getting so involved in the labyrinthine 
ways of being educated that we are losing the true mean of a liberal education? Here, in the 
address of the 1953 winner of the Professional Progress Award in Chemical Engineering, George 
E. Holbrook, assistant director, development department, Du Pont Company, urges simplicity in the 
life of the chemical engineer himself and in his solutions of the problems confronting his dey, 
whether he is engaged in research, production or sales. 

Mr. Holbrook began his career with Du Pont as a research chemist in 1933 and has served 
in several capacities at the Jackson Laboratory, Chamber Works, and in Wilmington. For several 
months during 1952 he was on loan to the government, serving as director, chemical division, 
N.P.A. He has been active on A.I.Ch.E. committees including the Committee on Future of the 


and a sie tio 


and By-Lows. He wos a Director of the Institute (1950-1952). 


He is the sixth recipient of the Professional Progress Award sponsored by the Celanese Corpo- 


ration of America ond administered by American | 


It behooves us 
measure 


lectually. therefore to 
find some remedial that may 
be used as a supplement to specializa- 
tion. A potent tool, possessing ade 
quate merit in its own right, but untested 
as an accepted and universally applied 
mechanism, is simplification, This paper, 
accordingly, is particularly directed to 
ward elucidating the value of simplicity 
and the specific challenge facing engi 
neers in the struggle against complexity. 

Just as early environment is respon 
sible in the main for subsequent mature 
behavior, carly and oft-repeated ex 
posure to unwarranted complexity leads 
to complacent acceptance of its imevit 
It is important, therefore, that 
the 


ability. 
those concerned with education in 
elementary and secondary schools reap- 
praise teaching methods and subject 
matter in terms of simplified and realistic 
educational goals. 


Latin vs. Today's Needs 


One wonders, for example, whether 
the student in today’s circumstances can 
afford to study Latin as an indirect aid 
to English and the broader humanities, 
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or whether he might not better devote 
the equivalent time directly to subjects 
of recognized importance in their own 
right. The same question may be asked 
at the college level with respect to Ger- 
man and French, Some modern educa- 
tors, however, have deplored the trend 
away from foreign languages. One of 
their reasons is that the philosophies de- 
veloped in these foreign tongues are be- 
ing ignored, It has been suggested, for 
example, that one might be well advised 
in view of international trends to study 
Chinese as a route to a better under- 
standing of that philosophy. If for the 
purpose of discussion one accepts the 
value of Chinese philosophy, it seems 
justifiable to question the validity of the 
indirect approach which involves study 
of the Chinese language. Isn't the simple 
and most practical procelure the study 
of Chinese philosophy in translation? 
Other educators have deplored this for- 
eign language fetish. Albert Edward 
Wiggam said, “The notion that culture 
way from 
declining 


results in some mysterious 


parsing Latin sentences or 


nouns, or digging for Greek roots is 
just as much a piece of magic a- 


the 
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mystic words the South Sea Islanders 
thought they needed to make their boats 
float on water.” It is time to stop jug- 
gling the pros and cons of this subject 
and holding final judgment in suspense. 
If all the evidence is not in, it never 
will be. Engineering educators can take 
a stand based on a desire and need for 
curriculum simplification to alleviate ex- 
cessive specialization. 


A Liberal Education Defined 


It appears that the time has come for 
those engaged in teaching to review cur- 
ricula and subject matter with simplifi- 
cation and directness specifically in 
mind. This is a challenge to the teachers 
of the engineering profession. Through 
their efforts even engineers may enjoy 
a truly “liberal education,” which John 
Henry Cardinal Newman says, “teaches 
one to see things as they are, to go right 
to the point, to disentangle a skein of 
thought, to detect what is sophistical, 
and to discard what is irrelevant.” 

As the student engineer acquires in- 
terest in the literature of his field, it 
becomes abundantly clear to him that in- 
formation is being added to our store- 
house of knowledge at an ever-increas- 
ing rate. The effective application of 
this knowledge is a means for attaining 
further improvement in the standard of 
living and a fuller and more exalted life. 
Failure to reduce these increments of 
knowledge to their simplest form and to 
integrate them in proper perspective 
with previously developed information, 
results in confusion, dissipation of ef- 
fort, and a slower rate of progress. 

Many agree that the literature which 
is the permanent record of our scientific 
and technological information is replete 
with articles that either might better 
not have been published at all or else 
simplified and condensed to serve best 
the present and future needs. Neverthe- 
less, there is as yet no united effort and 
no real community of interest and pur- 
pose to avoid this condition. Individuals 
occasionally endeavor to stem the tide, but 
early acceptance in life of the inevitabil- 
ity of complexity and the seemingly in- 
satiable urge to publish inhibit a unified 
attack, Of considerable interest in this 
connection is a note in the September, 
1953, issue of Chemical Engineering 
Progress by T. B. Drew, which reveals 
the urge to complicate. Referring to the 
naming of a new dimensionless group, 
he wrote, in part, as follows 


My personal opinion is that there are 
now so many named dimensionless groups 
that one needs a card catalogue to keep 
run of them. The tendency . . . of some 
to present a paper in which the equations 
are made up almost exclusively of symbols 
such as Naw, Nye, and pure numbers seems 
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to me to constitute a striving for elegance 
at the expense of clarity. 


Need for Simplicity in Technical Literature 


With respect to literature the problem 
is clear and certainly with respect to the 
permanent engineering literature the 
profession ought to face the issue 
squarely. Unless the policy of rigor- 
ously adhering to the principle of pub- 
lishing new scientific truths in brief, 
simple, understandable terms is adopted, 
a morass of confusion, duplication, and 
mediocrity will result. The American 
Institute of Chemical Engineers has an 
opportunity to set this example. May it 
accept the challenge! 

When the student engineer em- 
barks upon an industrial career, he 
is further impressed with complexity as 
he is introduced to his new environment. 
In recognition of this situation orienta- 
tion and training programs are provided 
to supply lubricants and sedatives for the 
transition. Undoubtedly many young 


men wonder whether life has to be as 
complicated as it seems. However, in the 
rush to achieve rapid orientation, little 
time and few opportunities are available 
for such provocative questions. The urge 
is great to get the new employee into 
useful effort in the initial groove with 
the result that elucidation of broad sim- 
ple principles is left to uninspired indi- 
vidual initiative. The attitude of accept- 
ing the inevitability of business complex- 
ity is thus unconsciously but solidly es- 
tablished. Isn’t it probable that orienta- 
tion can never be complete because it is 
in fact an endless effort to adjust to new 
vistas and ever-broadening horizons? A 
possible or at least partial solution to 
this problem would be the establishment 
of informal forums where questions 
might be raised and discussed. Such a 
procedure would provide fertile soil for 
the seeds of individual inquiry. 

The young engineer next discovers 
that in research and development, in 
production and sales, it is frequently 
easier to reach a complicated solution 
than it is to attain a simple one. One 
wonders whether engineers are educated 
and disciplined adequately to see beyond 
the next experiment. By way of exam- 
ple, chink back on the research experi- 
ences in the field of fractional distilla- 
tion. From the early investigations of 
the perforated plate, research moved to- 
ward the exploration of towers packed 
with a wide variety of shapes and ma- 
terials of construction. Then the bubble 
cap column caught the eye of research 
people and most of the conceivable types 
of caps and complicated designs were 
fully investigated. According to publica- 
tions, current interest seems to be di- 
rected toward what can be viewed as a 
modification of the old perforated plate. 
Granting the criticism of hindsight, isn’t 
it conceivable that had engineers strug- 
gled for simplicity per se, some thirty 
odd years might have been saved in ar- 
riving at these recently announced im- 
provements ? 

Reviewing experiments encountered 
during the wartime conditions of the 
past ten years, one wonders why engi- 
neers cannot learn to enjoy some of the 
fruits of adversity instead of just suffer- 
ing its rigors. Manifold are the exam- 
ples of improved processes, substitution 
of alternate raw materials, use of less 
expensive materials of construction, and 
saving in manpower that really resulted 
from the simplification demanded by 
wartime conditions. Isn't it possible to 
attain and enjoy many of these benefits 
through the application of this concept? 
A book could be written on simplification 
resulting from the mere elimination of 
that which was never necessary or use- 
ful. The greater and more complex the 
initial blunder, the more illustrious the 
ultimate cure. One of the classics called 
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to my attention was the case of a slurry, 
pumped to a press, the cake dried, ana- 
lyzed, drummed, shipped to storage, re- 
quisitioned, returned to the same build- 
ing, dumped into water, and reslurried 
for the next operation. Sounds incon- 
gruous, doesn’t it? There never was any 
justification for the procedure. It just 
grew that way because no one with sim- 
plification in his soul saw the operation 
in its entirety. 

Applications of the elaborate and dra- 
matic in the fields of selling and adver- 
tising tend to foster analogous tech- 
niques in scientific areas. The urge, 
therefore, is frequently great to impress 
by overwhelming rather than to convince 
through the communication of simple 
facts and logic. Thus, in deviating from 
the simple and the direct, men tend to 
become slaves of techniques rather than 
masters of reason. Witness the current 
enthusiasm for “operations research,” 
“servomechanisms,” electronic “gadg- 
ets,” and the “task-force” approach. 


They gained dramatic appeal as a result 
of applications during World War II. 


Requisitioned 
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Some, however, are old friends dressed 
up in new clothes. They have their place 
but only as means to justified ends. They 
are not ends in themselves. They should 
be used as any other tools whenever and 
wherever they provide the simple and 
effective route to the solution of a 
problem. After all, it is price and quality 
that determine acceptance in the market 
place, and techniques are no more identi- 
fiable in the final product than is calcu- 
lus or geometry. 


Timely Role of Chemical Engineer 


Passing now from the narrower ap- 
plication of this principle in the field of 
technology to that possible in manage- 
ment, one sees an unusual opportunity 
for the enlightened chemical engineer. 
By academic training and industrial ex- 
perience, the engineer should be in an 
ideal position to correlate and integrate 
for management in a simple, clear, and 
concise manner the complex technical 
and economic aspects of business prob- 
lems. In this role the engineer possessed 
of objectivity and perspective can sweep 
aside confusing and frustrating side is- 
sues and comprehend problems in their 
naked simplicity. This is an essential 
step toward correct resolution and ef- 
fective presentation to management, As 
an adviser to or participant in manage- 
ment, the engineer frequently has an 
opportunity to apply this viewpoint to 
matters of research, production, sales, 
organization, accounting, employee and 
public relatiors, corporate planning, and 
other facets of business. In these areas 
the tendency toward unnecessary com- 
plication is increased because here the 
philosophies and experiences of several 
professions frequently converge into a 
maelstrom of confusion that resolves it- 
self into platitudes of compromise devoid 
of the advantages of any and endowed 
with the deficiencies of all. 

Excessive and inappropriate use of 
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committees is another way to indulge in 
expensive business complexity. The com- 
mittee is an excellent device in certain 
situations, but like strong medicine 
should be used, when diagnosis calls for 
it, sparingly and in the right places. As 
a court of review, a medium for final 
decision, or as a flywheel to balance the 
impetuous and the conservative, it may 
prove highly effective but as a substitute 
for an individual it is a poor device to 
get something done. 

Management consultants are empha- 
sizing the high cost of creating, hand- 
ling, and filing office paper. Emmett J. 
Leahy, for example, has pointed out that 
clerical salaries now amount to one- 
ninth of the national income. Even in 
the chemical industry 16% of all em- 
ployees handle paper rather than pro- 
duce goods. The National Records Man- 
agement Council estimates that refer- 
ence is never made to 95% of all cor- 
porate paper work over a year old. 
Throwing it away, reducing extra cop- 
ies, streamlining office procedures will 
all help, but the result will be far short 
of that possible if management does not 
see to it that simple things are kept sim- 
ple. A management that condones com- 
plexity is just as delinquent as one that 
creates it. A disciplined engineer will 
find many challenging opportunities to 
aid management by not only cutting 
through red tape but finding ways to 
eliminate it and consistently refraining 
from creating it. 

If at this time the reader is not en- 
thusiastic about the value of simplicity 
and the challenging opportunities engi- 
neers have in making substantial contri- 
butions to science, mankind, and the fu- 
ture by practicing this principle, he may 
at least appreciate the brevity of these 
remarks. Simplification is attained not 
by wishing for it, not by talking about 
it, but, as in the case of safety, by prac- 
ticing it 


: 


John B. Mellecker, Sr., widely known 
specialist on chemical engineering plant 
equipment and more recently known also 
for his studies of chemical engineers’ 
information needs, joined Chemical 
Engineering Progress as associate edi- 
tor on Feb, 15. 

Since the end of the war, John had 
been Senior Technical Editor of Chemi- 
cal Engineering Catalog. In this assign- 
ment he not only consulted with the 
manufacturers of about every type of 
equipment and materials used in process 
plants, but also became widely known 
among chemical engineers in industry 
as a source of engineering information. 

He tells us that moving over to C.E.P. 

particularly at the time when a pro- 
gram of changes has been authorized 
for the magazine—gives him just the in- 
creased radius of operation desired to 
expand his work on techniques of com- 
munication with chemical engineers. 

is, incidentally, a dogged funda- 


MEET THE NEW EDITOR 


mentalist—and asks the darndest ques- 
tions: “Whom is this intended for?” 
“What are they expected to do with this 
information?” “Is this the simplest way 
of saying it?” . . . and so on. 


J. B. Mellecker 


During the war he spent most of the 
time chasing around among thirteen 
firms engaged in the development of the 
light-weight body armor which proved 


in Korea. His job was 
“liaison,” but stories still go around 
about the bullets that he fired into test 
specimens ; the bullets are still lodged in 
the walls of Monsanto’s research lab. in 
Springfield, Mass. Before this he was 
for a short period in chemicals manu- 
facture, then became editor and market 
researcher for Reinhold Publishing; 
he edited a manual for operating and 
maintaining tanks sent overseas for the 
war, and was a wood preserver. The 
latter job arose from his work at Iowa 
State, where he received his Chemical 
Engineering degree. Until coming East 
in 1940, he developed Dowicide appli- 
cation processes for the protection of 
wood against fungus attack. 

When we asked him about his hob- 
bies, he replied, “For the foreseeable 
future there'll be time for only one, and 
that'll have to do with galley proofs.” 
Ultimately, however, we expect him to 
settle back to sailing on Long Island 
Sound, water-color painting, and raising 
tropical fish and wire-haired terriers. 


F.J.V.A. 


so effective 


NEW CATFORMING UNIT FOR ATLANTIC REFINING 


The first completed step in the $50,000,000 modernization program of the Atlantic Refining Co. 
at Philadelphia is the Catforming unit, which will produce 500,000 gal. of higher-octane automotive 
gasoline daily. The new unit, opened recently, requires 40,000 Ib. of Davison catalyst containing 
2,680 oz. of platinum, valued at $250,000. Other units, nearing completion, include a distillation 
unit with a running capacity of 50,000 bbl. of crude oil daily, a catalytic-cracking unit, and a 
100-ton/day synthetic-ammonia plant, the first such plant in the Philadelphia area. The Catforming 
unit was built by Stone & Webster Engineering Corp. 


ALUMINA PRODUCTION 
INCREASES AT ALCOA 


Expansion of facilities at the Mobile 
Alumina Works of Aluminum Co. of 
America to make the alumina plant the 
largest in the United States has been 
completed this month, according to a 


company announcement. Alumina to 
make more than 100,000 tons of alum- 
inum metal will be produced annually, 
requiring an additional seventy freight 
cars weekly to ship the increased output. 
Also an additional fifty ore ships an- 
nually will unload Caribbean bauxite. 
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USE FOR RADIOACTIVE 
WASTE AT ARGONNE LAB. 


A new type of experimental radiation 
source that utilizes radioactive waste 
products has been developed at Argonne 
National Laboratory by the Chemical 
Engineering Division. To be used in 
food-sterilization studies, the source is 
a small hollow cylindrical block of con- 
crete prepared by mixing cement and 
liquid radioactive fission products (the 
by-products created when neutrons bom- 
bard uranium 235 in a nuclear reactor). 
The mixture is surrounded on all sides, 
top, and bottom by several inches of 
erdinary concrete and a lead shield sev- 
eral inches thick, to protect experimen- 
ters from harmful radiation. Materials 
to be irradiated are lowered into the 
center of the source. 

According to Stephen Lawroski, di- 
rector of the division, the source is a 
significant forward step in the develop- 
ment of peacetime uses of atomic en- 
ergy, as it possesses the following ad- 
vantages: (1) the radioactivity used is 
obtained as a by-product and as such is 
inexpensive; (2) it provides an ideal 
method of disposing of the highly radio- 
active waste products; and (3) it pro- 
vides for experimental use a radiation 
source of the type which will be used 
if large-scale food sterilization is 
feasible. 


Bauxite may be handled both wet and 
dry in the new grinding facilities, which 
together with a digester unit, new filter 
presses and precipitators, and a new 
calcining kiln make up the bulk of the 
new installations for refining ore under 
the Bayer process. 
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Examine the photograph above. Note that no 
two or three pieces of Intalox ‘‘nest’’ into one 
another like this }))) . The closest they can come 
to nesting is this>)). Result: no pattern pack- 
ing ... no blocking or screening of large areas 
of packing surface. 

This greater degree of randomness in a packed 
bed, coupled with greater surface area per 
nominal sized unit means more free space, and 
more surface area available to liquor and gas, 
As a result pressure drop is substantially lower, 
flooding limits measurably higher — all around 
tower efficiency in terms of output and cost 
markedly improved. 


U. S. STONEWARE 
Akron 9, Ohio 


PACKING 


ATER TOWER ESFIC 


Unretouched View of an Irrigated Tower Section Photographed 


HAVE YOU ORDERED YOU } THE 
COMPLETELY NEW SECG ON OF 
“TOWER PACKINGS ED TOWER DESIGN’? 


This new edition contains more 
than twice the material that ap- 
peared in the first edition pub- 
lithed im 1951. 232 panes 
contan a wealth of information 
that is a “must” for every chem- 
engineer. Clothbound, 
1016", 232. pages, printed in two 
colors. Over 100 figures and dia 
grams, $8.50. Order direct. Dept. 
CEP 354, 

Tue VU. S. STONEWARE CO., 

Akron 9, Obio, 


Approximate 
Number per ‘eight per 
Cu. Ft. Cu. Ft., Lb. 


Approximate Equivalent 
Surface Area Percent Free Spherical Diameter 
Sq. Ft./Cu. Ft. Gas Space Dp, Inch 


117500 42 
20700 
6500 
2385 
709 
265 


300 0.20 
190 0.32 
102 0.48 
78 0.68 
59.5 0.96 
36 1.38 


“Trade name, The U. S. Stoneware Co. 
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NEW STANDARDIZED HEAT- 
EXCHANGER DESIGN GIVES YOU: 


@ LOWER FIRST COST. . . through quantity production 
@ MORE AREA PER UNIT... .to 2300 square feet per tube bundle 


@ CHOICE OF TUBE LENGTHS...6, 9, 12, 14, 16 feet 
@ FASTER DELIVERY. . . from extensive factory stocks 


...and includes these advantages 
of “‘Karbate”’ Impervious Graphite: 


@ COMPLETE CORROSION RESISTANCE 
@ HIGH THERMAL CONDUCTIVITY 
© IMMUNITY TO THERMAL SHOCK 


HERE'S HOW IT WORKS: “Karbate” imper- 
vious graphite standardized tube bundles and covers 
offer a range of tube surface area from 80-2300 square 
feet (see chart). In cooperation with National Carbon, 
leading heat exchanger manufacturers use these 
standard parts in units of their own design. A “one- 
best” standard, floating-end construction permits full 


RANGE OF AVAILABLE SIZES 
“KARBATE” STANDARDIZED TUBE BUNDLE HEAT EXCHANGERS 


i 


Ze 
VAAL 
LAE 


TusE 


1 


Surface Area per Unit—Sq. Feet (Outside of Tubes) 


100 200 00 400 37 
Number of x 1" 0. Tubes 


use of the exchanger-manufacturers’ extensive experi- 
ence without shell-design limitations. 

Not only in severely corrosive services, but wher- 
ever corrosion is a factor, “Karbate’” impervious 
graphite equipment offers attractive savings and 
operating advantages. Be certain you are taking full 
advantage of this versatile material of construction! 

WRITE FOR NEW LITERATURE! 


) 1500 4 
; 
1000 
500 
i = 29% 
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IMPERVIOUS GRAPHITE PROCESS EQUIPMENT 


NATIONAL CARBON offers from stock a complete line of 
“Karbate” Standard Heat Exchangers, including two 
shell and tube units: the “Series 90A" and the “Series 
310A”. Now —a choice of 9, 12, 14 or 16 foot tube 
lengths is available with the “Karbate” “Series 310A” 
standard heat exxchanger, with outside tube surface 
areas up to 162 square feet per unit, providing a greater 
range of sizes and flexibility of application at lower 
costs per unit of area. 


FEATURING improved designs in a broad range of 

capacities, “Karbate’’ pumps are your best buy for the : a 

widest span of corrosive fluids, including even mildly = — 

corrosive services. Ruggedly built, these pumps stand P: 

up under the toughest conditions, virtually eliminate “Karbate” Pipe and Fittings — 
pump down-time. 


@ You're smart to cut costs with “Karbate” impervi- 
ous graphite equipment... smarter still when you 
save all the way — with “Karbate” pipe, valves and 
fittings. They're light in weight, unaffected by most 
chemicals, immune to thermal shock — perfect “go- 
betweens” in corrosive processes. 


The term "Karbate” is a registered trade-mark 
of Union Carbide and Carbon Corporation 


NATIONAL CARBON COMPANY 
A Civision of Union Carbide and Carbon Corporation 
30 East 42nd Street, New York 17, N.Y. 
District Sales Offices: Atlanta, Chicago, Dallas, Kansas City, 
New York, Pittsburgh, San Francisco 
In CANADA: Union Carbide Canada Limited, Toronto 
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INDUSTRIAL WASTES 
MEETING IN APRIL 


The 1954 Southern Industrial Wastes 
Conference, sponsored by the Manufac- 
turing Chemists’ Association, Inc., the 
Southern Association of Science and 
Industry, and the Texas Chemical Coun- 
cil, will be held at the Shamrock Hotel, 
Houston, Texas, from April 21 to 23. 

Main topics of the meeting will be 
pollution problems in the industrial 
developing south, an air-pollution-con- 
trol workshop, a water-pollution-control 
workshop, and pollution control in 
Texas. Papers will be presented by 
A. P. Black, president of the Southern 
Association of Science and Industry; 
C. K. Banks, vice-president, Metal and 
Thermit Corp.; William E. Rand, 
director of research, Stanford Research 
Institute; and others. W. I. Burt, vice- 
president, B. F, Goodrich Chemical Co., 
and former president, A.I.Ch.E., will 
preside over the air-pollution-control 
meeting. 

At the conference banquet on April 
22 the Southern Association of Science 
and Industry will present awards for 
distinguished service. 

Further information and registration 
forms may be obtained from James D. 
Kittelton, Manufacturing Chemists’ As- 
sociation, Inc., 1625 Eye St., N. W., 
Washington 6, D. C. 


MALLINCKRODT OPENS FIRST UNIT 
OF NEW LABORATORY BUILDING 


Distillation apparatus on one of the large 
racks that ore a feature of each laboratory bay 
in the organic research laboratory, the first com- 
pleted section of the new million-dollar labora- 
tory building of Mallinckrodt Chemical Works, 
St. Louis, Mo. 
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ONE-DAY MEETINGS 
OF LOCAL SECTIONS 


NEW JERSEY 


Two simultaneous technical symposia 
“Solids Blending” and “New Tech- 
niques,” followed by a luncheon, business 
meeting, and a nontechnical symposia on 
“Human Relations” will feature the all- 
day meeting of the New Jersey Section 
of A.LCh.E. to be held at the Essex 
House, Newark, N. J., on May 11. 

William E. Catterall, Standard Oil 
Development, chairman of the sym- 
posium, has arranged for the presenta- 
tion of three papers to be given on each 
of the aforementioned topics. 

The program of papers is as follows: 


Morning Session 
SYMPOSIUM OF MIXING AND BLENDING 


W. C. Sterb, Presiding 


9:15—FUNDAMENTALS OF DRY MIXING AND 
BLENDING by Lincoln T. Work, consulting engi- 
neer, Slingmaster & Breyer, New York. 


10:10—MIXING OF HIGH SOLID—LOW LIQUID 
MASSES 


11:05—FLUID DISPERSION SYSTEMS by L. H. 
Reef, Manton-Gaulin Mfg. Co., Everett, Mass. 


SYMPOSIUM ON NEW TECHNIQUES IN 
CHEMICAL ENGINEERING 


A. B. Welty, Jr., Presiding 


9:15—USE OF FREQUENCY RESPONSE IN AN- 
ALYSIS OF CHEMICAL ENGINEERING PROC- 
ESSES by Ernest F. Johnson, assistant professor 
of chemical engineering, Princeton University. 


10:10—RECENT SOLUTIONS TO PUMPING 
PROBLEMS by C. B. Mitchell, Engineering 
Services Division, Du Pont Co., Newark, Del. 


11:05—THE APPLICATION OF STRAIN GAUGE 
DEVICES TO PROCESS INDUSTRIES by Edgar J. 
Jones, Ruge-deForest, Cambridge, Mass. 


Afternoon Session 
HUMAN RELATIONS 


C. E. Strong, Presiding 


FROM THE STARS IN THE SKY TO THE STARS 
IN THE SKYSCRAPER, OR THE SCIENCE OF 
BEING SCIENTIFIC by F. F. Bradshaw, Richard- 
son, Bellows, Henry and Co., New York. 


3:00—THE HUMAN SIDE OF LIVINS by Kenneth 
Connell, director, Dale Carnegie courses in 
New Jersey from New York. 


3:30—JOHNSON & JOHNSON EXPERIENCE IN 
HUMAN RELATIONS by a representative of 
the Johnson & Johnson Co., New Brunswick, 
N. J. 
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BOSTON 


The Fourth Annual Symposium of the 
Ichthyologists (Boston Section, A.I-Ch.E.) 
will be held April 14, 1954, at John Han- 
cock Hall, Boston. 

The program will consider nuclear en- 
ergy as a new source for industrial power 
in New England. Enterprise Unlimited, 
complete with Board of Directors and Re- 
search Staff, will consider whether it should 
now invest its own capital in the use of 
nuclear energy for a central power station. 
Last year Enterprise Unlimited considered 
the location of an ammonia plant in New 
England at the third annual symposium. 
There was considerable interest on the 
part of potential ammonia producers and 
since that time one firm has been granted 
a Certificate of Necessity for construction 
of an ammonia plant in New England. 

Manson Benedict, as director of research, 
will receive reports from his staff and will 
make recommendations to the board of di- 
rectors. Three papers will be presented this 
year: “Future Power Requirements in 
New England,” “Engineering of Nuclear 
Power Systems,” and “Nuclear Power Eco- 
nomics.” 

PHILADELPHIA- 
WILMINGTON 


The second annual one-day meeting 
sponsored jointly by the Philadelphia- 
Wilmington Section of A.I.Ch.E. and 
the University of Pennsylvania will be 
held on April 27, 1954, at the University 
Museum, on the Penn campus in Phila- 
delphia. J. I. Harper, Sun Oil Co., is 
general chairman. The meeting will be 
the second of an “Experience in Indus- 
try” series. The broad topic this year 
will be “Distillation in Practice.” 

A welcoming address will be delivered 
by M. C. Molstad, University of Penn- 
sylvania, and _ introductory remarks 
made by J. I. Harper, the chairman. 
Before luncheon to be held in Houston 
Hall, University of Pennsylvania, a 
general discussion is scheduled, and 
following the afternoon prcgram and 
before dinner, another general dis- 
cussion is on the agenda. Dinner will 
be served at the Penn-Sherwood Hotel. 
Charles C. Chambers, vice-president in 
charge of engineering affairs, Univer- 
sity of Pennsylvania, will speak. 

The Zeisberg Memorial Awards will 
be made at this time. 

The technical program for the session 
is as follows: 


Morning Session 
9:30—THE EVALUATION OF DISTILL'NS TECH- 
N.QUES ty Alian P. Colburn, provost, Uni- 
versity of Delaware. 


March, 1954 


ae 

ks 


9:50—OVER-ALL COLUMN DESIGN FROM A 
PROCESS V.EWPO.NT by Cyrus Pyle, research 
manager, Engineering Research Laboratory, 
Du Pont Co., W.imington, Del. 
10:35—PHYS.CAL DESIGN FEATURES OF PLATE 
COLUMN; by Ray lL. Geddes, consultant, 
Badger D.vision, Stone & Webster Engineering 
Corp., Boston, Mass. 

11:05—TECHNIQUES IN PETROLEUM FRACTION- 
ATION by Charles H. Brooks, process engineer, 
Sun Oil Co., Philadelphia. 


Afternoon Session 
2:30—INSTRUMENTATION AND CONTROL OF 
DISTILLATION EQUIPMENT by Ward O'Connor, 
manager, Mechanical Engineering, The Lummus 
Co., New York. 

3:00—OPERATION OF DISTILLATION EQUIP- 
MENT by Charles E. Strong, acetic acid oper- 
ating supervisor, Hercules Powder Co., Parlin, 
N. J. 
3:45—SOME COMMERCIAL ASPECTS OF 
VACUUM DISTILLATION by William A. Hall, 
director, Engineering Division, Research and 
Development Department, Atlantic Refining 
Co., Philadelphia. 


E. J. C. ANNOUNCES 
1954 OFFICERS 
The new slate of officers for 1954 of 
the Engineers Joint Council includes 
Thorndike Saville, dean of the college of 
engineering at New York University, as 
president; Carlton S. Proctor, president 
of Moran, Proctor, Mueser, and Rut- 
ledge, as vice-president ; and the follow- 
ing members of the executive commit- 
tee: W. M. Peirce, representing 
A.S.M.E.; C. H. Capen, American 
Water Works Association; W. J. Bar- 
rett, A.I.E.E.; L. R. Sanford, The So- 
ciety of Naval Architects and Marine 
Engineers; and C. G._ Kirkbride, 
A.1.Ch.E. 


SCIENCE TEACHERS AS 
SUMMER EMPLOYEES 


Industry and education both will 
benefit from summer employment of high 
school science teachers in plants and 
laboratories affiliated with their fields, 
according to the Future Scientists of 
America Foundation, an activity of the 
National Science Teachers Association. 
In a pamphlet obtainable from its office 
at 1201 16th St., N.W., Washington 6, 
D. C., the foundation explains that the 
present manpower shortage in engineer- 
ing and other scientific fields is in part 
traceable to lack of high-school prepara- 
tion of able students. By offering sum- 
mer employment to teachers, the founda- 
tion stresses, industry can improve their 
practical knowledge, encourage them to 
remain in the teaching field, and avail 
itself of a source of trained temporary 
personnel during vacation periods. Sug- 
gestions for reaching the teachers are 
contained in the booklet. 
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but designed for rugged service! 


Barton takes pride in the fine workmanship that is payt 
of every product, from the tiny parts made on a jeweler's 
lathe to the forged steel pressure chambers. This fine 
quality means long life... with accuracy. 

Barton's engineering skill produced the truly rupture- 
proof bellows design that has made its mark in the 
metering field...covering Chemicals, Petroleum and Gas 
transmission. 

Barton sales representatives are always ready to help 
solve your metering problem. They can show you why 
Barton flowmeters require no specially trained personnel 
and require practically no service. 


When you specify Barton flowmeters these advantages are yours: 


BUILT-IN SAFETY FACTOR... Barton patented 
rupture-proof bellows. MODEL 202 RECORDER 


ECONOMY .. . Low maintenance, no mercury Differential pres- 
losses, simpler installation, 


ACCURACY ASSURANCE. 


som- 20° WC to 400° 
EFFICIENCY . . . Externally accessible, built-in | WC: Pressures to 


pulsation dampener. 4500 psi. Static 

BONUS FEATURES... Versatility of installation, 
stainless steel bellows, wide variety of diei | pen 
available. Permanent or portable. optional. 


Please request Bulletin 11C4 for detailed information 
or contact our soles representatives in principal cities. 


BAR ON INSTRUMENT CORPORATION 
INDUSTRIAL INSTRUMENTS 


1429 SOUTH EASTERN AVENUE @ LOS ANGELES 22, CALIFORNIA 
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From one source...any 
instrumentation you need 


When it comes to measurement and control, 
every industrial process is different. Each 
demands its own combination of accuracy, 
economy, instrument ranges, and all the 
numerous other characteristics that are pe- 
culiar to the individual application. 

No single instrument and its accessories 
could possibly fit every process. So Honey- 
well makes a broad variety of measuring and 
controlling equipment that spreads across a 
tremendous range of applications. 


The advantages are two-fold. First, you can 
get all the instrumentation your process re- 
quires from a single source, so there is un- 
divided responsibility for the complete 
installation. And second, you are assured 
that the equipment selected for your process 
is recommended without bias . . . neither 
over-sells nor under-equips . . . needs no 
stretching, squeezing or compromising to fit 
it to its assignment. 


This versatile family includes ElectroniK 
indicators, recorders and controllers in cir- 
cular and strip chart models, applicable to 
temperature, pressure, pH, power and 
dozens of other variables; square root flow 
meters for control applications; evenly grad- 
uated flow meters for cost accounting; ther- 
mometers, pressure gauges and liquid level 
meters; Pyr-O-Vane millivoltmeter con- 
trollers. Especially useful for graphic panels 
are the Tel-O-Set miniature indicators, re- 
corders and controllers. Electric and pneu- 
matic control systems range from the 
simplest to the most complex, including 
automatic program controls and complete 
systems developed for particular processes. 


Working with these instruments is a full 
choice of primary elements . . . thermo- 
couples, Radiamatic radiation elements, pres- 
sure-type and electrical resistance thermal 
systems, flow meter bodies, pH cells and 
many others. For final control elements, you 
can choose from a wide range of electric 
motorized and diaphragm operated valves. 
To complete the picture, there are more than 
7000 non-indicating devices for controlling 
temperature, pressure, vacuum, liquid level 
and humidity . . . an unmatched variety of 
instrumentation made by the world’s largest 
manufacturer of control equipment. 
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Schematic diagram of pH control system for addition of 


caustic to phosphate flotation process. 
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Addition of caustic to these flotation cells is automatically regulated by 
Electronik pH Controllers, at the Noralyn plant of International Minerals 
and Chemical Corporation, of Bartow, Florida. 


phosphate ore beneficiation 


E APPLICATIONS of ElectroniK instrumentation 
to the beneficiation of phosphate ore, at Inter- 
national Minerals and Chemical Corporation, demon- 
strate how modern control techniques help make 
heavy chemical processing more automatic . . . more 
efficient. 
The flotation process, where silica sand is removed 
from the phosphate slurry, operates best within close 
PH limits. Through the use of an ElectroniK pH Con- 
troller, caustic is automatically added at the proper 
rate to maintain the desired alkalinity. A sample 
of slurry is continuously withdrawn from one of 
the flotation cells, and the liquid is passed through 
a pH electrode assembly. Connected to this detecting 
element through an amplifier is an ElectroniK instru- 
ment, which records the pH value and, through its 
Air-O-Line control, resets a caustic flow controller. 


one 


The complete system provides sensitive, accurate 
adjustment of caustic flow . . . holds pH well within 
the desired tolerances for peak production. 


Instrumentation by Honeywell puts top performance 
into today’s process control systems. Through years 
of experience in chemical processing problems, Honey- 
well specialists are qualified to engineer the kind of 
control your process needs, by utilizing the uniquely 
wide variety of recording and controlling instru- 
ments which Honeywell has developed for this field. 


Your nearby Honeywell sales engineer will welcome 
the opportunity to discuss your specific application 
... and he’s as near as your phone. 

MINNEAPOLIS-HONEYWELL REGULATOR Co., Jndus- 


trial Division, Wayne and Windrim Avenues, Phila- 
delphia 44, Pa. 


@ REFERENCE DATA: Write for Catalog 1550, “pH and Conductivity Recorders and Controllers,” and for Catalog 1531, “Electronik Controllers.” 
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GULF UPS ETHYLENE 
OUTPUT FOR 1955 


A 10% increase in the nation’s ethyl- 
ene production is forecast by Gulf Oil 
Corp. as a result of the new ethylene 
plant that it plans to erect, together with 
a new platforming unit, at its Port 
Arthur, Texas, refinery. 

The ethylene unit, which is expected 
to have a capacity of 3,000,000,000 cu. ft. 
of ethylene gas a year, will use as its 
charge stock propane and other gases 
produced in refining. The main plant 
will comprise a series of fractionating 
towers for separating ethylene, ethane, 
and other hydrocarbons and a series of 
cracking furnaces for converting the 
propane and ethane to ethylene, which 
will be distributed direct to consumers 
through company pipelines. 


Capacity of the platforming unit is 
announced as 29,000 bbl. a stream day 
of high-octane motor gasoline, produced 
by the platinum catalyst method devel- 
oped by the Universal Oil Products Co. 

Although not related functionally, the 
two units have in common the fact that 
neither will require an increase in the 
crude charged to the refinery. 

Construction of both units, at an un- 
disclosed cost, is scheduled to begin 
this spring and to be finished in the 
first quarter of 1955. Stone & Webster 
Engineering Corp. will handle the con- 
struction of the ethylene unit, which 
includes a power plant. Fluor Corp. will 
erect the platforming unit. 


DORR DESIGNS FOREIGN 
FERTILIZER PLANTS 
Two chemical fertilizer plants utiliz- 
ing a process that requires no evapora- 


NEW OXIDATION PROCESS USED AT SPENCER CHEMICALS 


The new anhydrous ammonia plant of Spencer Chemical Co. now on stream at Vicksburg, 
Miss., is announced by the company to be the first commercial operation of the Texaco partial 
ox'dation process for the production of commercially pure hydrogen for subsequent purification and 


synthesis to ammonia. 


Completion of its anhydrous ammonia 
plant at Vicksburg, Miss., was recently 
announced by Spencer Chemical Co. The 
first to use the Texaco partial oxidation 
process (direct thermal reforming) for 
the production of commercially pure 
hydrogen, the new synthesis gas plant 
was designed and constructed by Foster 
Wheeler Corp. 

In this partial oxidation process com- 
mercially pure ox\gen and natural gas 
are brovght together under pressure 
(without catalyst) in a converter of 
simple design. The product of this con- 
version, essentially hydrogen and car- 
bon monoxide, passes to a shift con- 
verter, where in the presence of a cata- 
lyst and water the carbon monoxide is 
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converted to carbon dioxide, and addi- 
tional hydrogen is produced from the 
dissociation of the water during the shift 
reaction. The raw synthesis gas is then 
purified for removal of carbon dioxide 
and finally passes through a liquid nitro- 
gen wash from which hydrogen of 
99+-% purity is mixed with commer- 
cially pure nitrogen for subsequent am- 
monia synthesis. The ammonia-synthe- 
sis plant was designed and constructed 
by Spencer. 

The commercially pure oxygen is ob- 
tained from an air-separation unit that 
liquefies 1,000 tons of air a day and 
fractionally separates it into commer- 
cially pure nitrogen and oxygen. The 
unit was designed by Air Products, Inc. 
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tion of phosphoric acid are being de- 
signed by The Dorr Co., Stamford, 
Conn., for a firm at Minimata, Japan, 
and one at Odda, Norway, the company 
recently announced. 

The Japanese plant, constructed by 
Shin Nippon Chisso Hiryo K.K., will 
produce granular ammonium phosphate. 
Intermediate phosphoric acid containing 
28% P20; will be made from low-grade 
70% H.SO, as a starting material. 

The Det Norske Zinkkompani A/S 
plant will produce concentrated phos- 
phoric acid for the manufacture of triple 
superphosphate. Sulfur dioxide from 
zinc roasters will be the starting mater- 
ial for the production of H,SO, used in 
the process. ‘ 


FRANCE GETS FIRST 
STYRENE MONOMER PLANT 


The first styrene monomer plant in 
France will be constructed and operated 
under the direction of Koppers Co., Inc., 
it was recently announced by B. J. C. 
van der Hoeven, vice-president and 
assistant general manager of Koppers 
chemical division. The plant will be 
erected for the Société Houilléres- 
Pechiney-Progil at Mazingarbe. Two 
Koppers divisions, the engineering and 
construction and the chemical, will par- 
ticipate in the contract. Actual building 
is expected to take at least two years. 
The plant will have a rated capacity of 
from 10,000 to 14,000 metric tons an- 
nually. 


BREA CHEMICALS ADDS 
TO CALIFORNIA PLANT 


Brea Chemicals, Inc., a subsidiary of 
Union Oil Co, of California, is planning 
a $2,500,000 nitric acid and ammonium 
nitrate plant at Brea, Calif., adjacent to 
the Amoniaco Corp. ammonia plant, 
which will also be operated by Brea 
Chemicals. 


PARIS WILL HOLD 
ALUMINUM CONGRESS 

A scientific congress and exhibition 
will be held in Paris from June 14 to 
19 by La Société Chimique de France 
and L’Aluminum Frangais to celebrate 
the centenary of the first production of 
industrial aluminum in France by Henry 
Sainte-Claire Deville. 

The congress will include discussion 
of papers dealing with aluminum metai- 
lurgy, chemistry and physicochemistry 
of aluminum compounds, and technol- 
ogy and uses of aluminum and aluminum 
alloys, and visits to plants and labora- 
tories in Paris and other parts of 
France. Further information may be 
obtained from R. Gadeau, Secretary, 
L’Aluminum Francais, 23 Rue Balzac, 
Paris 8, France. 

(More News on page 48) 
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Now you can specify... 


Comparison of resistance to corrosion. This photograph 
of tubing subjected to corrosion by gas condensate in the 
petroleum industry shows (left) condition of internally 
nickel plated section after 18 months’ service, and (right) 
bare steel tubing in service for 12 months. (Photographs 
courtesy of Bart Manufacturing Co., Bellville, N. J.) 


Seamless Steel Pipe with 


A pore-free, adherent, nickel coating can be made an 
integral part of steel pipe and fittings by new tech- 
niques and plating equipment. 


Standard thicknesses of pure nickel deposited 
on the inside surfaces range from .007” to .015”. 
Heavier deposits are laid where required. 


Applications of nickel-lined pipe are increasing in 
fields such as the following: 


ORGANIC CHEMICALS 


Phenol, glycerine, alcohol, formaldehyde and 
chlorinated organics, as well as many other liquids 
and gases can be handled by nickel-lined pipe at 
low rates of corrosion. 


CAUSTIC SODA 


For concentrations up to 73%, caustic producers 
and users, alike, find nickel-lined pipe particularly 
satisfactory for controlling corrosion as well as prod- 
uct purity. Furthermore, the newly produced nickel- 
lined fittings allow wide choice of welded fittings. 


PULP AND PAPER 


Nickel-coated steel pipe combines the corrosion- 
resistance of nickel with the structural strength of 
seamless piping to provide a superior means of 
handling hot caustic liquors, green or black. It is not, 
however, recommended for use where a high free 
chlorine content exists in the aqueous media, nor to 
handle sulfurous acid. 


THE INTERNATIONAL NICKEL COMPANY, INC. 


Vol. 50, No. 3 


Integral Lining of Pure Nickel 
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NATURAL GAS PRODUCTION 


Nickel-lined pipe answers the sour and sweet dis- 
tillate corrosion problem by providing control for 
prolonged periods under severe condensate condi- 
tions. Advent of sealing type joints for nickel-lined 
tubing helps solve the old problem of plating API 
threaded joints. 


WATER SYSTEMS 


Where water requirements call for high purity, 
deionizing processes may be used. Nickel-lined pipe 
proves ideal for handling such deionized waters. It 
also controls chloride corrosion from brackish water 
such as that used in Gulf Coast areas as a coolant. 


Whatever your industry...when you have a metal 
problem, send us details for our suggestions, 


The unbroken interior surface of nickel-lined pipe attests to 
success of new plating techniques and newly developed equip- 
ment. This is a solution to many cor- 
rosion and contamination problems. 


| 


67 WALL STREET 
NEW YORK 5, N.Y. 


Page 47 


7 

if 

4 


for J Cnr 


VACUUM PUMP 
MAINTENANCE 
COSTS and BETTER 
VACUUM --- 


HILCO oi recLaimer 


VACUUM 
for PUMP 
USERS 


A simple, economical and ef- 
ficient method of restoring con- 
taminated lubricating and seal- 
ing oil to the full value of NEW 
OIL. The HILCO will produce 
and maintain oil free of solids, 
gums, water and gases in a con. 
tinuous, all-electric, automatic 
operation. 


Be SURE of clean oil in your 
HIGH VACUUM PUMPS 


HILCO 


OIL RECLAIMER 
SYSTEMS.. 

© WRITE FOR COMPLETE DETAILS 
IN THE FREE BULLETIN 
Recommendations et no Obligations 


144 W.. Fourth St., Elmira, N. Y. © 


WE? Fo: Recleiming, Filvering, 


( CANADA — UPTON - BRADEEN - JAMES, Lod, 
900 Bey Toronto, 3464 Park Ave., Montrest 


DIATOMITE QUARRIED 
BY NEW METHOD 


Acquisition of the right to quarry a 
165-acre diatomite deposit near Wal- 
teria, Calif., has been announced by the 
Great Lakes Carbon Corp. The Walteria 
plant of its Dicalite Division will proc- 
ess the ore, which will be obtained 
through a new type of operation, the 
trenching method, or borrow-pit system, 
of ore extraction. 

By this method the deposit, which 
consists of a top layer of overburden 
and alternate layers of diatomite and 
overburden, will be worked by trench- 
ing the earth, extracting the ore, and 
refilling the trench behind the operation, 
all without dust, noise, or disfiguring 
apparatus to disturb the essentially resi- 
dential area. 

Great Lakes Carbon gained control 
of the land on which the deposit is sit- 
uated in December, 1953, and engaged a 
planning group to devise a master plan 
that preserves the natural beauty of the 
area while providing for both the quarry 
operation and a residential section con- 
taining over 10,000 homesites. 


NEW RESISTANT 
HOSE AND PIPE 


New pipe and hose made of a Teflon 
compound have been announced by Re- 
sistoflex Corp., Belleville, N. J. Good 
chemical inertness (except in the pres- 
ence of molten alkali metals and chlorine 
trifluoride at high temperatures, utili- 
zation in a wide temperature range 
(—100° to 500°F.), high dielectric 
qualities, and low coefficient of friction 
are the properties claimed for the ma- 
terial, called Fluoroflex-T. The hose 
is completely flexible and is available 
in sizes of 4% to 1 in. The pipe, which 
is made of the Teflon compound lamin- 
ated with glass fabric, is available in 
diameters from 1 to 4 in. and can be 
cut and fitted on the job. 


BONILLA ADVISES CUBAN 
RESEARCH INSTITUTE 


An industrial research institute with 
Charles F. Bonilla, professor of chemi- 
cal engineering at Columbia University, 
New York, as adviser has recently been 
established at the University of Villa- 
nueva, Cuba. The initial program, 
working with a grant of $100,000, will 
concentrate on the sugar industry, ac- 
cording to Dr. Bonilla. 

Also at the university a chemical engi- 
neering building is being completed at 
a cost of $600,000 for construction and 
equipment. The chemical engineering 
curriculum extends for five years and 
was organized in 1951. 
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A.E.C. AWARDS 
NEW CONTRACTS 


The award of forty-two unclassified 
physical research contracts with univer- 
sities, private research institutions, and 
industrial laboratories was recently an- 
nounced by the U. S. Atomic Energy 
Commission. The contracts, generally 
for a term of 1 year, were let as part 
of the A.E.C.’s continuing policy of 
utilizing private research laboratories in 
conducting research related to atomic 
energy. Research costs are borne by 
the institutions, which contribute the 
funds and services they normally devote 
to work in the field, and by the Com- 
mission, which provides additional funds 
for equipment and salaries of research 
associates and assistants. Among the 
contracts are “Isotopic Exchange Re- 
actions,” $14,410 at the University of 
California; “Nuclear Chemistry Re- 
search,” $42,552 at the Carnegie Insti- 
tute of Technology; “Nuclear Chemis- 
try Research,” $141,700, at Massachu- 
setts Institute of Technology; “Polaro- 
graphic Behavior of Organic Com- 
pounds,” $12,400 at University of 
Michigan ; “Low-Temperature Chemical 
Thermodynamics,” $8,316 at University 
of Michigan. 

Other contracts are “Mechanism of 
Substitution Reactions of Inorganic 
Complexes,” $6,696 at Northwestern 
University; “Study of Gaseous Chemi- 
cal Reaction Kinetics, Using a Mass 
Spectrometer,” $9,000 at University of 
Oregon; “Application of Chemical 
Thermodynamics to the Study of Metal- 
lic Alloy Formation,” $13,702 at Uni- 
versity of Pittsburgh; “Research in 
Nuclear Reactions with Fast Alpha Par- 
ticles, Neutrons, and Deuterons and a 
Study of Nuclear Structure,”’ $50,000 at 
Purdue Research Foundation; “Self- 
Diffusion and High-Temperature Phe- 
nomena,” $40,000 at Sylvania Electric 
Products, Inc.; “Coprecipitation Stud- 
ies,” $12,500 at Syracuse University; 
“Studies on the Direct Measurement of 
the Energy Changes Resulting from 
Plastic Deformation and Phase Trans- 
formations,” $8,300 at University of 
Tennessee; “Rates of Catalytic Reac- 
tions Involving Deuterium and Relative 
Vapor Pressures of Water and Deuter- 
ium Oxide in the Presence of Certain 
Salts,” $6,402 at University of Tennes- 
see; “Mass-Transfer Studies in Liquid- 
Liquid Extraction, $2,673 at Virginia 
Engineering Experiment Station; ‘*Per- 
meability Method of Determining Sur- 
face Areas of Finely Divided Materials, 
$15,300 at University of Wichita Foun- 
dation for Industrial Research; “Low- 
Temperature Research,” $8,095 at Uni- 
versity of Wisconsin. 

(More News on page 50) 
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Sugar by the ton: 99.99% pure 


There aren't many chemicals—let alone foodstuffs— 
as chemically pure as sugar prepared from sirups 
treated with Amberlite® ion exchange resins. These 
resins remove ash from cane sirup solutions, cut down 
sugar loss in molasses, yield sugar of the highest quality. 


Other products, too, benefit from proper treatment 
with the Amberlite ion exchangers. Soft curd milk for 
infants may be produced from cow’s milk, for example. 
Stabilized cream and cordensed milk, readily soluble 
in hot drinks, may be prepared. Crude glycerin can be 
converted to C.P. grade by an ion exhange process. 


The list is long. Gelatin, amino acids, fruit drinks, 
bland sirups from fruit wastes, vitamins, dextrose 
sirups, and others may be purified at low cost by 
means of Amberlite ion exchange. 


Why not write us about your problem . . . ask us 
about Amberlite ion exchange resins? Take this 
opportunity to find out why, in ion exchange, the 
right way is the Amberlite way. py 

Ask for “‘Amberlite Ton Exchange,” 


16 pages of technical information on the 
applications for ion exchange in industry. 


ROHM & HAAS COMPANY 


THE RESINOUS PRODUCTS DIVISION, PHILADELPHIA 5, PENNSYLVANIA 
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PROBLEM 


To produce hydrogen essentially 
free of carbon monoxide which 
has a deleterious effect on product 
quality and plant capacity for 
edible oil producers. 


SOLUTION 


GIRDLER developed a highly active 
durable catalyst, G-12, for removal 
of carbon monoxide from the 
hydrogen. Cost of hydrogen pro- 
duction was reduced and cazkon 
monecxide content was cut 95% 
resulting in: 


Hydrogen with 
less than 5ppm of 
carbon monoxide 


Take advantage of the experience 
of Girdler in solving your catalyst 
problems! 


WRITE... & 


DIVISION OF 


NATIONAL CYLINOER GAS COMPANY 
Gas Processes Division 
LOUISVILLE 1, KENTUCKY 
NEW YORK * TULSA * SAN FRANCISCO 


CLAY IS SUBJECT OF 
PACIFIC CONFERENCE 


The clay-water system will be the 
subject of the 1954 Pacific Coast Re- 
gional Conference on Clays and Clay 
Technology to be held at the University 
of California, Berkeley, on June 25 and 
26. Papers related to permeability of 
liquids through formations, swelling of 
clays, viscosity, and plasticity will be 
presented from the fields of petroleum, 
soil science, soil mechanics, geophysics, 
and ceramics. Details of the conference 
may be secured from George L. Gates, 
Bureau of Mines, 630 Sansome St., 
San Francisco 11, Calif. 


A. S. A. STANDARDS 
ANNOUNCED FOR 1954 


Among the 266 standards coordinated 
and approved by the American Stan- 
dards Association in 1953, several are 
of interest to chemical engineers and 
chemists: the test for foaming charac- 
teristics of crankcase oils, for butadiene 
dimer in polymerization-grade buta- 
diene, for boiling-point range of polym- 
erization-grade butadiene, for carbonyl 
content of butadiene, and for water tol- 
erance of aircraft fuels, and _ the 
A.S.T.M.-L.P. petroleum measurement 
tables. 

Of the 266, there were 81 new stan- 
dards; the rest were revised. The great- 
est number of new standards were in 
civil engineering and construction. 


MICHIGAN OFFERS SHORT 
COURSE IN AUTOMATION 


Two intensive courses in automatic 
control will be offered at the College of 
Engineering, University of Michigan, in 
June. The first, which covers the funda- 
mental principles and applications of 
measurement, communication, and con- 
trol, will extend from June 14 to 19. 
Applications of the fundamentals to 
more advanced problems will comprise 
the second course, from June 21 to 23. 
Use will be made in both courses of 
computing, instrumentation, and servo 
laboratories on the campus. Closing date 
for registration is April 15. Further in- 
formation may be obtained from Profes- 
sor M. H. Nichols, room 1523, East 
Engineering Building, University of 
Michigan, Ann Arbor, Mich. 


NATIONAL SCIENCE 
FOUNDATION GRANTS 


Among the one hundred grants re- 
cently made by the National Science 
Foundation in support of the biological 
and physical sciences, four went toward 


Of 


research in engineering sciences. 
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these, two were in chemical engineering, 
one covering work on mixed-vapor ad- 
sorption by A. C. Zettlemoyer of the 
department of chemistry, Lehigh Uni- 
versity, Bethlehem. Pa., for $6,200, and 
one on thermal conductivity of liquids 
and solutions as a function of tempera- 
ture by J. Coates of the department of 
chemical engineering, Louisiana State 


University, Baton Rouge, La., for 
$13,800. 
By far the larger portion of the 


$1,045,000 was devoted to research in 
the biological sciences, and some was 
allotted to the support of studies and 
conferences on science, scientific infor- 
mation exchange, compilation of scien- 
tific personnel information, education 
in the sciences, and the travel of Amer- 
ican scientists to international scientific 
meetings. 


CHEMICAL ENGINEERING 
GRANTS BY ETHYL CORP. 


Nine research programs in chemical 
engineering are being supported for 
1953-54 by the Ethyl Corp., according 
to a recent announcement. The institu 
tions at which the work is being carried 
out are Cornell University, University 
of Illinois, University of Delaware, 
lowa State College of Agriculture and 
Mechanical Arts, Louisiana State Uni- 
versity, Ohio State University, Prince- 
ton University, University of Texas, and 
University of Tulsa. 

Also included in the $40,000 graduate 
fellowship program are four grants in 
mechanical engineering, seven in chem- 
istry, and one in physics. These are in 
addition to special research projects 
supported at a number of universities. 


REFINERY OFFERS 
STAFF COURSES 


The Humble Oil & Refining Co. in 
its eighth annual series of lectures for 
the technical and research staff invited 
a chemical engineering professor and 
four chemistry professors, one from 
Europe, to conduct two- or four-week 
courses at the Baytown Refinery this 
spring. 

R. R. White of the department of 
chemical and metallurgical engineering, 
University of Michigan, dealt with 
scale-up of processes ; T. J. G. Overbeek, 
on leave from the University of Utrecht, 
Holland, gave a course in emulsions; 
and F. H. Westheimer of the University 
of Chicago and F, A. Matsen and Nor- 
man Hackerman of the University of 
Texas will discuss the mechanics of 
organic chemical reactions, general 
physical chemistry, and corrosion and 
electrochemistry respectively. 


(News continued on page 66) 
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Clean Separation 
between Vapors and Liquids 
YORKMESH DEMISTERS 


Yorkmesh Demisters ore answering Chemical 
Engineers demands the world over for a simple 
means of improving the performance and in- 
creasing the capacities of process equipment 
handling vapor and liquid materials. 


© Higher vapor velocities can be used. 


© Overhead product quality is improved. 
© Entrainment losses are eliminated. 


© Overall operating efficiency is improved. 
© Easily installed in existing or new equipment. 


For use in: Prompt shipment in: 
Vacuum towers Monel, Nickel 
Distillation equipment 304-316-430 
Absorbers Stainless Steels 
Scrubbers Carbon Steel 
Separators Copper, Aluminum 
Evaporators Inconel and 
Knock-out Drums, etc. 


oy 


caginescing 
YORKMESH Doasisters. 


“OTTO H. YORK 
Co., INC. 


73 Glenwood Place, East Orange, N. J. 
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cooling tower installation 


he power plant itself is the largest 
initial installation inland and is being 
constructed in two sections. The first section 
consists of two units of 100,000 KW each, the 
second section of two units of 156,000 KW 
each. The four Fluor towers shown here (28 
cells) in progressive stages of erection, are 
designed at 36,000 g.p.m. each, with a maxi- 
mum of 42,000 g.p.m. They will service the 
first section of the plant. Design cooling range 
is 14° F with water entering at a temperature 
of 95° F and leaving at 81° F. The design 
wet bulb temperature is 70° F. Heat load is 
1 billion B.t.u./Hr. for the first four towers. 


Each cooling tower is 250 ft. long, 42 ft. 
wide and 37.5 ft. high to the fan deck. Twenty- 
foot, four-bladed fans are driven by 40 H.P. 
motors. Each fan moves 436,000 CFM. Capac- 
ity rating is 144,000 g.p.m. through a low 
pressure water distributing system. A distinc- 
tive feature of these towers is the Fluor- 
designed redwood stack standing 30 ft. high to 
minimize recirculation at peak load conditions. 


Ground has been broken for the erection 
of four additional Fluor towers to serve the 
second section of the plant. Each tower will 
consist of 5 double-cells for a total of 40, with 
water circulation of 136,800 g.p.m. Design 
duty: inlet temperature 101° F, outlet 80° F, 
wet bulb 70° F. Heat load is 1,440,000,000 
B.t.u./Hr. Dimension of these towers: 180 ft. 
long, 66 ft. wide, 45 ft. high to fan decks. Fans 
(18 ft.) will be driven by 40 HP motors and 
each will move approximately 350,000 CFM. 


FLUOR is building 


the world’s largest initial 
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In addition, an auxiliary system (the bearing 
cooling water) employs a 4-cell Fluor Tower 
with a heat load of 40 million B.t.u./Hr. 


When completed, total cooling water cir- 
culation will exceed 280,000 g.p.m. and will 
circulate over 240 miles of condenser copper 
tubing. Total heat load will approach 2% bil- 
lion B.t.u./Hr. The big jobs can be entrusted 
to Fluor, a firm with 33 years experience in the 
design and manufacture of cooling towers for 
every type of service. For complete details on 
Fluor Cooling Towers, write for the new illus- 
trated bulletin, “Cooling Water for Industry.” 


BE SURE WITH 


These Fluor Counterflo Cooling Towers are now being 
erected in the San Fernando Valley at the site of the 
new 512,000 KW steam-electric generating plant for the 
Department of Water and Power, City of Los Angeles. 
They comprise the largest initial cooling water 
circulating system utilizing cooling towers ever built 
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THE FLUOR CORPORATION. LTO. 
LOS ANGELES 22, CALIFORNIA 
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PRODUCTS 


Activated Carbon 
For all gas and vapor adsorption applications. 
Carbide and Carbon Chemicals Co. 


Rotary Sifter 

Constructed for continuous operation in grading or 
sifting of dry chemicals. 

B. F. Gump Co. 


Mcleod Gauges 

For measuring low pressures of gases. Used in vacuum 
distillation, vacuum tubes, vacuum drying equipment. 

Ace Glass, Inc. 


Aluminum Storage Tanks 

Fabrication and field erection of tanks and pressure 
vessels. 

Nooter Corp. 


Bar Stock Valves 
Valves for spray process milk driers. 
Crane Co. 


Chemical Porcelain 

For lined equipment. Fiberglass woven cloth acts as a 
cushion against impact damage. 

Lapp Insulator Co., Inc. 


Economic Studies 
For process evaluation in the chemical field. 
Badger Manufacturing Co. 


Ammonia Processing 

Features nitrophosphate plant using continuous chemical 
processes in pelleted fertilizer. 

The Chemical and Industrial Corp. 


Rupture Discs 
Large stock in pressures from 5 to 50,000 Ib. 
Black, Sivalis & Bryson, Inc. 


Pressure Leaf Filters 
Both vertical and horizontal. Rates up to 45,000 gal./hr. 
Niagara Filters Div., American Machine and Metals, Inc. 


Celite Filtration 

Filter powders for antibiotics, food products, chemicals, 
petroleum, etc. 

Johns-Manville 


Evaporators 
Designed, built and serviced by Buflovak. 
Buflovak Equipment Div. of Blaw-Knox Co. 


Heat Exchangers 
Installation sub-cools aniline after it has been con- 


densed. Also expansion joints, traps, strainers, and 
separators. 
American District Stearn Co., Inc. 


Plastics Dryer 

60 in. x 32 ft. 0 in. stainless steel dryer. Also steam 
jecketed batch dryor. 

The C. O. Bartlett & Snow Co. 


Vertical Pumps 

No submerged bearings. For pumping abrasive cor- 
rosive slurries. 

Lawrence Pumps, Inc. 


Fans 

Multi-blede aluminum fans for cooling tower applice- 
tions. 

The Marley Co. 
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Pneumatic Transmitters 
For measuring flow, pressure, level and density. 
Republic Flow Meters Co. 


Petrochemical Processes 
Design and construction of petrochemical process units 
and complete plants. 
Foster Wheeler Corp. 


Sealless Pumps 

No stuffing boxes, no lubrication. Available in 1/3, 
%, 1, 2, and 3 horsepower sizes. 

Chempump Corp. 


Pumps, Valves, Pipe and Fittings 

Centrifugal pumps; globe, angle and Y valves; pipe 
and fittings. 

Vanton Pump & Equipment Corp. 


Liquid Filters 
Bronze fitted filters for water cooling systems. 
Dollinger Corp. 


Dryers 

Truck dryers, large multiple-unit tunnel dryers, single- 
apron conveyor dryers, and tunnel conveyor dryers. 

The National Drying Machinery Co. 


Vacuum Pumps 

Model VSM 556 theoretical displacement 13 cu.ft./min. 
at 450 rev./min. 

Kinney Mfg. Div., The New York Air Brake Co. 


Line Blind Valves 
Visible shut-off, easily visible from a distance. 
Hamer Oil Tool Co. 


Graphite Electrodes, Anodes, Molds 

Features chlorine for refrigerants and other cooling 
operations. 

Great Lakes Carbon Corp., Electrode Div. 


Pressure or Vacuum Filtration 
Features an Eimco precoating unit. 
The Eimco Corp. 


Teflon-Jacketed Gaskets 

For stainless steel, gless-lined steel and conical-flanged 
glass pipe. Also snap-on gaskets and adaptors. 

United States Gasket Co. 


Centrifuges 
For the continuous clarification of liquids containing 


solids, or the separation of two immiscible liquids. 
The Sharples Corp. 


Stainless Tubing 

Seamless or welded stainless tubing in any number of 
grades, in a broad size range. 

The Babcock & Wilcox Co., Tubular Products Div. 


Chemical Pumps 

Features nitric acid pump. Rated at 185 Ib./min. against 
400 Ib./sq.in. maximum pressure. Several other types 
described. 

The Aldrich Pump Co. 


Carbon Monoxide Plant 
Designed and built by Girdler. 
The Girdler Co. 


Glessed Steel Reactors 


Resist attack by all acids except hydrofluoric. 
The Pfaudier Co. 
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40A Karbate Process Equipment 
Features heat exchangers. Also pumps, towers, etc. 


National Carbon Co. Advertisers’ Products 
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20 in. WC to 400 in. WC. Pressures to 4,500 Ib./sq.in. 21A 22 223A 24A 25A 264 27A 228A 29R 
Static pressure pen is optional. 3A BIA 32A 33A 110A 40A 
Barton Instrument Corp. 444 466 49A SOL SIA S2A 6IA 
444 Measuring and Controling Equipment 
Features contrel system for addition of caustic to phos- 788R 79T 798 SIR 828 638 
phate flotation proceis. 


Minneapolis-Honeywell Regulator Co. 


47A Nickellined Pipe Chemical Engineering Progress Data Service 
For application in fields such as organic chemicals, om 
caustic soda, pulp and paper, natural ges production, 
and water systems. 
The International Nickel Co., Inc. 
Address 


48L Oil Reclaimer 
Equipment for reclaiming, filtering, purifying end re- 
refining oil. 
The Hilliard Corp. (CD | want o subscription. Bill me $6.00 for a year. 
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PRODUCTS (continued) 


lon Exchange Resins 

Resins remove ash from cane sirup solutions. Also for 
purification of gelatin, amino acids, fruit drinks, etc. 

Rohm & Haas Co. 


Catalyst 
For removal of carbon monoxide from hydrogen. 
The Girdler Co. 


Yorkmesh Demisters 

For improving the performance and increasing the 
capacities of process equipment handling vapor and 
liquid materials. 

Otto H. York Co., Inc. 


Cooling Towers 

Features world’s largest initial cooling tower installa- 
tion. 

Fluor Corp., Ltd. 


Spray Dryers 

Twenty-one recent Bowen spray dryer installations illus- 
trated. 

Bowen Engineering, Inc. 


Castings, Valves and Fittings 
Stainless steel castings for corrosive operations. 
The Cooper Alloy Foundry Co. 


Spray Nozzles 

For chemical spraying, cooling, humidifying, and de- 
hydrating. 

Binks Mfg. Co. 


Mist Eliminator 

Liquid carry-over controlled by separators made of 
knitted wire mesh. 

Metal Textile Corp. 


Automatic Tank Gauging 

For high and low pressures and all gauging require- 
ments. 

The Vapor Recovery Systems Co. 


High-Alloy Castings 

Furnace rollers, heat treating trays, furnace shafts, 
annealing belts, retorts, and tubing. 

The Duraloy Co. 


Spray Nozzles 

Catalog gives reference data on thousands of standard 
and special sprey nozzles. 

Spraying Systems Co. 


Heat Exchanger Tube Ends 

To increase tube life. Available in any length, diameter 
or gauge. 

Condenser Service & Engineering Co. 


Belt Conveyor Carrier 

Welded steel frame, spun-end rollers made from single 
piece of heavy gauge steel tubing. Available from 
stock. 

Stephens-Adamson Mfg. Co. 


Industrial Work Clothing 
Resists acids, alkalies, grease, dirt and oil. 
American Allsefe Co., Inc. 


Pilot Plant Engineering 

Any of the unit chemical engineering processes from a 
crystallization to solvent recovery. 

Foster D. Snell, Inc. 


Turbo-Dryers 
Continuous, vertical, and transfer types. 
Wyssmont Co. 


Mass and Paste Mixers 

Heavy duty mixer illustrated. Direct drive, jecketed for 
temperature control. 

Paul O. Abbé, Inc. 


Conical Mills 

Sizes from 2 ft. to 10 ft. with capacities from e few 
pounds per hour to 100 tons per hour. 

Hardinge Co., Inc. 


Junior Size Dryer 

For pilot plants, laboratories and schools. 8 ft 102 in. 
long, 7 ft. 6 in. wide, 7 ft. 1 in. high. 

C. G. Sargent’s Sons Corp. 


Double and triple reduction drive unit. 
Western Gear Works 


Filter Presses 
For practically any kind of filter material. 
D. R. Sperry & Co. 


Grinders, Crushers 

For small laboratory mills to high tonnage mills. Liter- 
eture. 

American Pulverizer Co. 


Diaphragm Pumps 
For corrosive, abrastive and other difficult applications. 
T. Shriver & Co., Inc. 


Antifoam 


3 grams kill foam in 10 tons of asphalt or alkyd resin. 
Free sample. 
Dow Corning Corp. 


Pumps 
Horizontal and vertical shaft types in complete range 
of sizes. 


Nagle Pumps, Inc. 


Steam Jet Ejectors 

Condensers and vacuum equipment. Corrosion resistant? 
parts interchangeable with standard parts. 

The Jet-Vac Corp. 


Permanent Filter Media 
For H:SO, fuming HNOs, caustic, etc. 
Micro Metallic Corp. 


Pilot Plants to Processing Equipment 

Manufacture of full range of chemical processing equip- 
ment. 

Artisan Metal Products, Inc. 


Plasticizer Oil 

Compatibility with GRS, neoprene, and buna N type 
rubbers. 

Pan American Refining Corp. 


Industrial Equipment 

Dust and fume control, spray booths, mechanical washers, 
and industrial ovens. = 

Schmieg Industries, Inc. 


Surface Pyrometer 

For plant and laboratory surface and subsurface temper- 
ature measurements. Selection of thermocouples and 
extension arms. 

Pyrometer Instrument Co. 
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PRODUCTS (Continued) 


Plate Fabrication 

Towers, pressure vessels, general plate fabrication and 
heat exchangers. 

Downingtown Iron Works, Inc. 


Evactors 

Steam jet vacuum units provide pressures ranging from 
a few inches to a few microns. 

Croll-Reynolds Co., Inc. 


Controlled Volume Pumps 

Features pump with capacity range from 1 pint to 
2,700 gal./hr. 

Milton Roy Co. 


Pilot Plant Mixers 
Also description of “Lightnin” mixers of all sizes. 
Mixing Equipment Co., Inc. 


CHEMICALS 


Ansul Chemicals. Booklet on complete line of Ansul 
Chemical Co. products. Materials available in commercial 
& pilot plant quantities. Formulae given. 


Ethy! Silicates. Commercial grades of ethy! silicates listed 
in a 6-page technical bulletin from Carbide and Carbon 
Chemicals Co. A new use is with lubricants for extruded 
clay forms. 


Organic Chemicals. Eleven new organic chemicals have 
been added to Eastman Kodak Co. line. Included is 
tetrabromophenolphthalein-ethyl-ester acid-base indicator 
used in titrations in anhydrous organic solvents. 


Mois-Tec RG. A new type of reagent which indicates 
0 to 50 mg. of water in sample of 5 g. or less. Action 
is based on color change from deep purple to light pink 
for cobalt salts in presence of water. Data sheet. R. P. 
Cargille Laboratories, Inc. 


Plasticizing Polyol. Atlas Power Co. G-240! is 85% 
aqueous solution of technical hydroxypropyl sorbitol. 
Hygroscopic & noncrystallizing. Useful in conditioning 
glues, toothpastes, tobacco, cellulose, etc. Technical 
bulletin. 


Cabflex. Godfrey L. Cabot, Inc. Cabflex ODP (iso-octy!- 
decy! phthalate) & Cabflex ODA (iso-octyl decyl adipate). 
Low volatility offers improved flexibility permanence in 
vinyl compounds. 


Fumaric Acid. Typical reactions of fumaric acid as well 
as properties of its products abstracted in technical bulle- 
tin from Monsanto Chemical Co. Applicable in paints, 
paper coatings, rubber plastics. 


Surfactants. Comprehensive 74-page brochure from Atlas 
Powder Co. General industrial applications. Covers 
polishes, petroleum products, cleaners & sanitizers. 
Diverse uses. 


Urea. Montecatini’s unique ammonia-saturated process 
for production of urea is subject of booklet from M. W. 
Kellogg Co., exclusive licensor of process in the United 
States. 


Vinyl Resin. A dry blending grade of vinyl resin added 
to Pliovic line of polyvinyl chloride resins by Goodyear 
Tire & Rubber Co. Aids plastic molders in obtaining free- 
flowing dry mix without high heat & long mill cycles. 
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BULLETINS 


Heat Exchangers. Engineered to meet individual require- 
ments. Made of ferrous & nonferrous materials. Doyle 
& Roth Mfg. Co., Inc. 


Controlled Closing Valves. Prevention of hammer dam- 
age when filling pipe lines, control over speed of 
closure, & protection against pipe collapse accomplished 
by Type CCAV valves. Brochure. Simplex Valve & 
Meter Co. 


Precipitator. Booklet describes solution precipitator 
which removes impurities from a liquid by precipitations, 


adsorption, settling & filtration. Permutit Co. 


Roller-Type Hold-Back. Prevents reversal of bucket ele- 
vators & inclined conveyors because of power failure 
Standard Products Division, Stephens-Adamson Mfg. Co 


Relief Valve. Bulletin describes pilot-operated valves 
sizes 4 to % in. For temperature range from —650° F. 
to +-160' F. Pressures from 350 to 5,000 Ib./sq.in. Pan- 
tex Mfg. Corp. 


Conveyor Belt Cleaning Brushes. Mounted from the belt 


itself. Technical data sheet. Industrial Division of Fuller 
Brush Co. 


HCI Absorbers. Impervious graphite. Illustrated catalog 
shows schematic diagrams, gives table of six standard 


sizes. Falls Industries, Inc 


Automatic Production Control. A 24-page booklet de- 
scribes available controls. Reeves Pulley Co 


Solenoid Valves. Loose-leaf catalog No. 24 on solenoid 
valves includes selection & flow charts, index to available 
technical bulletins, other data. Automatic Switch Co. 


Precision Molding & Extrusion. Facilities ere described 
for Kel4, Teflon & nylon. Flek Corp. 


Spray Nozzles. A complete reference catalog describing 
thousands of standard & special industrial models. 
Spraying Systems Co. 

Clese-Coupled Pumps. Leaflet describing motor pumps 
for filter service. Shows performance curves. Sizes V4 
through 50 hp.; 200 models. Ingersoll-Rand Co. 


Motors. Bulletin compares methods for lubrication of 
electric motors. U. S$. Electrical Motors, Inc. 


Transmission Equipment. Couplings, pulleys, transmission, 
universal joints covered in recent binder insert. Lovejoy 


Flexible Coupling Co. 


Freeze Drying. Brochure is a compendium of principles, 
methods & benefits of this process. F. J. Stokes Ma- 
chine Co. 


Fiberglas Insulations. Brochure describes industrial in- 


sulations for use at temperatures from sub-zero to 
1200° F. Owens-Corning Fiberglas Corp. 


Dehydration Units. Bulletin. Afford protection of pre- 
cision instruments & controls. J. F. Pritchard & Co. 


Plating Anodes. Illustrated catalog of sizes, shapes, com- 
positions, other characteristics facilitates selection of 
proper anode. Federated Metals Division, American 
Smelting and Refining Co. 


High Vacuum Apparatus. Revised & expanded catalog. 
Several pages of factual data on planning a high vecuum 
system. Central Scientific Co. 
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Air Preheater. Liungstrom air preheater reduces fuel 
consumption by approximately 30%. Discussed in book- 
let. Tables of operating data, photographs & diagram. 
Air Preheater Corp. 

Cyclofiew Valve. A four-position single-control valve for 
control of flow through ion-exchange equipment. Oper- 
ation to 250° F. American Water Softener Co. 


industrial Mixers. Folder from Conn and Co. Sizes “% 
to 100 hp. Alloy or steel construction. 

(38) Two-page specification sheet on pressure balanced 
diaphragm motor valves. (39) Bulletin on measuring & con- 
trolling liquid level. Both from Minneapolis-Honeywell 
Regulator Co. 

Hot-Water Storage Heater. All types described & illus- 
trated in catalog from Patterson-Kelley Co., Inc. 


Titefiex Bellows. Can be used as expansion connections 
for lines conveying gases & liquids undergoing tempera- 
ture extremes, vibration & corrosion, Titeflex, Inc. 


Chemical Pumps. Simplex & duplex reciprocating plunger 
pumps for pressures to 20,000 Ib. & capacities from a 
few cc./min. to more than 900 gal./hr. illustrated & 
described in bulletin. Philadelphia Pump and Ma- 
chinery Co. 

Sump Pumps. Johnston Pump Co. Illustrated bulletin on 
unit-line sump pumps. Provide economy of packaged 
line with inherent advantages of engineered vertical 
turbine. 

Tanks, Mixers, Filters, & Pumps. Alsop Engineering Corp. 
Opens or closed tanks; portable, top- & side-entering 
mixers; filters; pumps. illustrated bulletin gives all 
pertinent data. 

Labline Kit. For efficient planning of new laboratories 
or additions to existing ones, Labline, Inc. offers kit 
of twenty-six scaled three-dimensional models. Includes 
ruled layout sheets scaled 1/2 in./ft. 

Electrical Measuring Instruments. IIlustrated bulletin from 
Central Scientific Co. includes electronic electrometers & 
relays; audio frequency oscillators; potentiometers. 
Molded O-Rings. O-Rings of Teflon now being molded 
by Sparta Heat Treat Co. Not all sizes presently available. 
For use in temperature range —320° F. to 500° F. 


Glass Pipe & Fittings. Pyrex brand glass tubing & small 
diameter glass pipe together with special fittings aveil- 
able from Sentinel Glass Co. Folder also describes 
corosilicate glass having low coefficient of expansion, 
thermal shock, & corrosion resistance. 


Heaters — Steam Generators. A complete line of tank 
car heaters, units for pile driving, ready mix concrete 
plants, cold weather construction operations, etc. from 
Cleaver-Brooks Co. Specifications, ratings, etc. 
Synchronous Motors. Constant speed synchronous motors 
& condensers are described in binder section catalog 
from General Electric Co. Provides cutaway views, de- 
tails of construction, operation, covers problems common 
to application. 

Roto-Pulper. A vertical single disc refiner featuring 
rotating 28-in. diam. disc mounted on vertical shaft. 
Equipped with replaceable plates. Illustrated folder gives 
complete descriptive information. Jackson & Church Co. 


Tall Oil. Methods of refining & testing derivatives, mate- 
rials of storage & processing equipment are described & 
discussed in booklet from K. A. Steel Chemicals, Inc. 
Applications include water soluble soaps, sulfonated tall 
oils, nonionic detergents. 
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Gauge Saver. Automatic shut-off valves for overload 
protection of gauges & instruments in hydraulic or 
pneumatic systems. Pressure ranges from 10 to 5,000 
Ib./sq.in. Bulletin lists features, specifications, adjust- 
ment & installation details. Sprague Engineering & Sales 
Corp. 

Temperature Control Systems. Wheelco Instruments Div. 
educational bulletin. Sections on selecting sensing ele- 
ments control terminology; selecting temperature-control 
method according to process characteristics. 


Pipe Data Card. Designed to assist those who select, 
apply, & install carbon, alloy & stainless steel pipe. 
TDC 138 A new data card from Tubular Products Div., 
Babcock & Wilcox Co. 


Hexible Metal Hose. Illustrated catalog on all types of 
metal hose by Flexonics Corp. Featured is industrial 
heavy-duty stainless steel hose, couplings & installation 
data. 


Air Flow & Liquid Level Control. Punched, loose-leaf 
binder sheets on Detect-A-Flo, a device which has no 
moving parts, is hermetically sealed & installed directly 
in tank or air stream being monitored. Fenwal, Inc. 


High Vacuum Pumps. Precision built, compound pumps 
of rotary vane design; free air capacities 0.75 to 30.0 
cu.ft./min.; ultimate vacuum 0.504; automatic lubrication. 
International Pump and Machine Works. 


Electronic Controls. New edition of “Cutting Production 
Costs with Electronic Controls,” handbook. Reports on 
46 applications of standard packaged electronic controls 
to problems of weighing, counting, measuring, timing, & 
cycling. Photoswitch Corp. 


Paint Leaflet. Carboline Co. Binder sheet on basic 
economy of paint for corrosion protection. Chart corre- 
lates probability of early failure with film thickness. 


Instrument Printing Systems. A 20-page loose-leaf cata- 
log describes devices for transducing, storing, & printing 
data. Electrical Development Co., Inc. 


Filters. Continuous & batch vacuum pressure filters, also 
acid handling & slurry pumps. Oliver United Filters Inc. 
illustrated bulletin describes all types in wide variety 
of corrosion-resistant materials. 


Humidity Control. New issue of “The Humidity Engineer” 
from Surface Combustion Corp. contains practical articles 
on application of humidity conditioning. 


Froth Flotation. Separation of near-collodial size particles 
from saturated brine; fractionation of fine clays; recovery 
of fossil resin from coal; water purification, etc. are 
subjects of bulletin from Denver Equipment Co. 


Neovane Pumps. Rubber impeller pumps manufactured 
by Lee Healey Co. Exclusive tapered elliptical-shaped 
impeller. For use between 0° F. to 175° F. & for fine 
solids. Three sizes. 


EQUIPMENT 


Transducer. Foxboro Co. Dynaformer pressure cell con- 
verts fluid pressure into proportional a-c voltage signal 
then converts to pressure indication. Accurate to +V/%. 


Apron Conveyors. Three types of new piano-hinged 
apron conveyors, suited for conveying objects ranging 
from containers to flakes. Pans in widths of 12 to 48 in. 
Link-Belt Co. 
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Cc ion-Resistant Tape. For protection of conduit joints 
where corrosive fumes are a problem. Fuses into solid 
mass after application. Bishop Mfg. Corp. 

Conveyor Belt Cover. Adds resistance to abrasion not 
previously attained. Applicable to wide range of belts. 
Raybestos-Manhattan, Inc. 

Rotary Joints. New type packless & leakproof rotary 
joints operates on ball & socket principle. Key Co. 
Mercury Rectifier Speed Controller. Variable-voltage mer- 
cury rectifier controls d-c power drive equipment from 
ac source. Reliance Electric & Engineering Co. 
Thermocouple Well. Metal-ceramic thermocouple well. A 
bulletin outlines properties & specifications of new 
product line. Bristol Co. 
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Plastic Gloves. All viny! plastic gloves molded from 
unsupported polyvinyl film for handling acids, alkalies, 
& resins. Houghton Laboratories, Inc. 

Laboratory Ovens. Isotemp uniform temperature ovens 
by Fisher Scientific Co. for research, testing, & quality 
control. 

Separators. Single- & multipledeck screens described in 
illustrated bulletin from SWECO Separator div. South- 
western Engineering Co. 

Explosion Chamber. Tenney Engineering, Inc. bulletin de- 
scribes chamber for use in determining effect of explosion 
on materials, components; also to determine if equipment 
will ignite in explosive atmosphere. Simulated altitude 
conditions optional. 


literature available. 


Here is a convenient CHEMICAL ENGINEERING PROGRESS 
service for you — in every issue — concise, authentic reports on 
what is new and improved in equipment and supplies, chemicals 
and materials — including brief reviews of the descriptive free 


To assure an easy way of keeping abreast of new equipment, 
new chemicals, and new developments in the field, obtain the 
accurate descriptions on what the manufacturer has to offer 
right from the manufacturer. Go through this reader service 
section right now —then tear out the special order card — 
encircle the identifying number of the literature you desire — sign 
and mail — that’s all you have to do —no postage necessary. 


Conveyor Scale. Transportometer weighing scale for use 
on new or existing belt-conveyor installations, where 
overhead clearance is limited. Sintering Machinery Corp. 


Glassed Steel Packed Column. Standardized glassed steel 
packed column for severe chemical processing service 
conditions. Interchangeable parts. Pflaudier Co. 


Portable Instrument Calibrator. Pneumatic calibrator for 
testing & calibrating pressure instruments operating from 
20 in. HO to 25 Ib./sq.in. Republic Flow Meters Co. 


(80) Mechanical rectifier unit substation. Provides d-c 
power. (81) An electropolarizer complete with portable 
galvanometer, which aids in chemical analysis of plating 
solutions. General Electric Co. 


Electronic Air-Cleaning Unit. A low-cost electronic air- 
cleaning unit called Precipitron. Westinghouse Electric 
Corp. 


liquid Level Control. A 35-page loose-leaf binder on 
liquidevel control; covers service, schematic drawings. 
Techniflex Corp. 


WobbleRod Air Valve. Bulletin describing details of 
wobble-rod on-off control air valve from Pantex Mfg. 
Corp. 


Deionizer. Cartridge-type deionizer to produce solids-free 
water at rate of 5 gal./hr. Illinois Water Treatment Co. 
Two models available — one comparable to triple, & the 
other to single distilled. 


Vibration Isolator. Series 262 & 633 vibration isolators 
from Barry Corp. announced in illustrated product bulle- 
tin. For motors or motor-driven equipment. 


Boiler-Burner Units. Catalog from KewaneeRoss Corp. 
describes new boiler-burner units featuring 8.2 sq.ft. of 
heating surface/boiler horsepower, certified efficiency 
of 80%. 

Slide Chart. Available from Lebanon Steel Foundry, slide 
chart giving data on steel casting material selection. 
Reference data on 19 carbon & low alioy grades & 17 
stainless & corrosion-resistant grades produced. Gives 
comparable ACI, AISI, ASTM, SAE, other designation 
where applicable. 

Signal Transmitter. Now available with specially de- 
signed pneumatic signal transmitter is Hagan Corp. ring 
balance meter. Pressure ranges 15, 30, 60 Ib./sq.in. 
Voltmeter. From Trio Laboratories a miniature panel- 
mounting vacuum-tube voltmeter. Requires only as 
much panel area as standard 31/2 in. meter. Depth 
only 4% in. 

Clear Sheet. Homalite CR-39 a clear, transparent, scratch- 
& abrasion-+resistant thermosetting resin sheet material, 
Folder covers recommended applications. Homalite Corp. 
Pipe Insulation. Mono-Kover, lightweight, one-piece pipe 
insulation. Bulletin describes application, properties. 
Includes chart on thermal efficiency, thickness selection, 
sizes. Baldwin-Hill Co. 

Filter Fabric. New cloth of woven polyethylene mono- 
filaments developed by Filtration Fabrics div. of Fil- 
tration Engineers, Inc. Relatively open mesh, recom- 
mended for free-filtering applications such as coerse 
crystalline materials or fibrous pulps. 

Rubberchem Pump. Eco Engineering Co. stainless steel 
& Tefion All-Chem pump. For corrosive fluids & capaci- 


ties to 10 gal./min. & 100 Ib./sq.in. for sustained service. 
Self-priming. 
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Switch Enclosures. Leod-plated, sheet-stee!l enclosures for 
safety switches & circuit breakers announced by Trum- 
bull Components dept. of General Electric Co. Designed 
for outdoor use & special corrosive applications. 


Pouring Spout. General Scientific Equipment Co. type 
SO spout fits bottle openings from 1 to 1% in. Made of 
acid-resistant rubber & plastic tubing. 


Warning System. Magnalarm completely automatic alarm 
system for magnetic separators by Eriez Mfg. Co. Elimi- 


nates human error. 


(102) Oxweld NA-7 acetylene generator delivers at con- 
stant output pressure of 8 to 13 Ib./sq.in. Linde Air 
products div., Union Carbide and Carbon Corp. (103) 
Special carbide screw elevator for recharging large, 
double-hopper acetylene generators. Feeds % in. or 
smaller particles to receiving hopper at rate of 200 
Ib./min. 


Plug Valves. Hamer Oil Tool Co. announce new 10- & 
12-inch plug valves produced in ASA. 150% & 3002 
classes, available in carbon steel and other materials 
for refinery & general service involving temperature ex- 
tremes. Packings are replaceable under pressure & while 
on stream. 


Pressure Transducer. Model DP-7 sensitive pressure trans- 
ducer from North American Instruments, Inc., measures 
differential pressure in terms of electrical output. Work- 
ing fluids include all noncorrosive gases & liquids. De- 
sign allows working ranges from +0.5 to +15 Ib./ 
sq.in, differential at pressures to 100 Ib./sq.in. 


Pressure Gauge. Designers for Industry offers new design 
pressure gauge for oil and refinery and general indus- 
trial applications. Available with dial diameter of 
1 in.; total weight less than 2 oz. Pressures 0 to 100 
up to 0 to 60,000 graduation readings. 


Portable Fume Washer. Folder from U. S. Stoneware 
Co. on Cyclonaire, a portable fume washer for low-cost 
fume removal in plants & laboratories, gives complete 
technical data, performance charts, drawings, etc. 


lab Biender. Small-scale laboratory twin-shell blender, 
yoke model mounted in standard 4- & 8-qt. frame. 
Shells are heavy Lucite. Load capacities 1, 2 & 4 pints. 
Dust- & watertight, quick-opening cover plates for easy 
cleaning. Patterson-Kelley Co., Inc. 


Controlled-Volume Pumps. Mersemetric, new Milton Roy 
Co. controlled volume pump without diaphragm or open 
seal, is completely submerged in liquid being pumped. 
No external leakage; flow control; available in variety 
of materials. Bulletin. 


Homogenizer. High-pressure portable laboratory homo- 
genizer, with complete separation of product from drive 
mechanism. Removable head for autoclaving. Pressures 
© to 3,000 Ib./sq.in. Processes quantities from 1 cc. to 
25 gal./hr. No packing or stuffing boxes. Self-priming. 
C. W. Logeman Co. 


Moisture Meter. From Heyl & Patterson am accurate, 
portable moisture meter called Olivo, Easily operated, 
accurate to 2% of surface moisture, determines content 
in less than 2 min. 


Heat Exchangers. Line of pressure heat exchangers for 
passing corrosive liquids or gases under pressure & high 
temperature through tubes or shell. Molded from Haveg, 
an acid-digested asbestos bonded with synthetic resins. 
Long life, corrosion resistant. Pressures from 50 to 75 
Ib./sq.in. & temperatures to 265° F. Haveg Corp. 
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Air Classifier. For use in continuous separation of coarse 
& fine air-borne particles, new dry classifier, Gyrotor, 
from Hardinge Co., Inc. Illustrated bulletin gives 
applications, other pertinent data. 


Vibro-Mixer. Designed to add power & versatility to 
closed-system mixing in laboratory, Vibro-Mixer is from 
Fisher Scientific Co. Selection of nine different stirrers & 
plates. Said to achieve complete interfacial mixing with- 
out vortex or stratification. Strokes of 0.2 to 2 mm. 


Depressurizing Safety Valve. Designed to rapidly de- 
pressurize pressure vessels in emergency & to function 
as unloader where unloading is combined with safety 
valve. Variety of uses. Available sizes 1 x 12 in. to 
2¥2 x 4 in. Also 3 x 4 in. to 8 x 10 in. Farris Engi- 
neering Corp. 

Control Valves. Series LB line of control valves. New 
concept of valve topworks in control industry. Coupled 
with single seated, split-body valve design. Sizes to 
4 in. Illustrated catalog. Conoflow Corp. 


Pulverizers. Screen hammer-type pulverizers called Ray- 
Ducer available from Raymond Division of Combustion 
Engineering, Inc. Units come in three sizes. Suitable 
for medium fine grinding of soft materials—foods, dry 
colors, filter cake, chemicals, etc. Compact but easily 
accessible for screen change, maintenance, inspection. 
Bulletin. 


Tefion Seal Cage. One-piece Teflon seal cage developed 
by Chemical & Power Products, Inc., for use with stuffing 
boxes on pumps, mixers, reactors, other process equip- 
ment. Machined in one piece, easily snapped over shaft 
without dismantling pump or pulling shaft. Longer life 
than metal rings. Sizes for any pump, mixer, or agitator. 


Neoprene Tank Lining. Special formulation eliminates 
10 to 20 coat systems of tank lining with neoprene. 
Brush coats 10 to 20 mils may be applied so that 1/16 in. 
linings are obtained with 4 to 7 coats. Binder page 
gives corrosion-resistance chart, other data. For pharma- 
ceutical, chemical processes, other industries. Carbo- 
line Co. 


Flow Alarm. Fio-Gard meets demand for fail-safe sensi- 
tive alarm device for rotameters, manometers, other 
process instruments to provide dependable operating 
stability. Wide sensitivity range for both high & low 
flow. May be used with spherical floats of 3/32 in. 
IMustrated bulletin gives additional details. Brooks 
Rotameter Co. 


Automatic Controls. Type Y continuously connected 
side handwheel for emergency manual control de- 
veloped by Black, Sivalls & Bryson, Inc. For use with 
all their diaphragm-control valves. Operates on emer- 
gency basis. Screw is of nongalling 18-8 stainless steel 
with high-tensile aluminum-bronze nut for transmission 
of power through cast steel fork to valve stem. 


Quick Detachable Air Connections. Said to provide almost 
complete free flow of air to air-powered tools; com- 
pact; quick detachable air connection. Binks Mfg. Co. 
recommend connection for air hose coupling on paint 
spray gurs, etc. Ful! 360° swivel action. Bulletin. 


Packaged Detergent Plant. Completely engineered syn- 
thetic-detergent plant, capable of producing finished 
spray dried product from basic raw materials available 
from Hull Co., division of Foster D. Snell Research, Inc. 
Unit includes sulfonation, neutralization, compounding, 
spray-drying equipment. Piping precut, marked for rapid, 
easy assembly. Four sizes. 
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21 Recent Bowen Spray Dryer Installations 


that help prove the fact that 


BOWEN SPRAY DRYERS 
Always Offer You More! 


Write for illustrated booklet — 
The Bowen Spray Dryer Laboratory 


BOWEN ENGINEERING, INC. 
NORTH BRANCH 13, N. J. 
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MARGINAL 


For the Testing Time 


Measurement Techniques in Mechanical 
Engineering. R. J. Sweeney. John 
Wiley & Sons, Inc., New York (1953), 
309 pp. $5.50. 


Reviewed by Joseph D. Stett, Chair- 
man, Department of Mechanical Engi- 
neering, Rutgers University, New 
Brunswick, N. J. 


This is an excellent, comprehensive 
descriptive text dealing with measure- 
ment techniques such as may be used in 
many laboratory tests not only by me- 
chanical engineers as the title indicates, 
but also by chemical engineers. It can 
serve in the selection of proper meas- 
urement instruments and common tech- 
niques in performance tests on power 
equipment such as engines, pumps, com- 
pressros, heat transfer, and combustion 
apparatus. 

The book delves into the principles 
involved in the design of measuring 
equipment and includes excellent discus- 
sion of precautions and drawbacks of 
the methods as well as the advantages. 
The material is divided into sections 
dealing with test equipment and tech- 
niques in such broad areas as time and 
speed, electrical measurements, dynam- 
ometers, pressure, temperature, fluid 
flow, calorimetry, chemical analysis 
(gas, water and coal) and automatic 
controls, For those involved in general 
testing, maintenance or trouble shooting, 
this book can serve as a valuable guide 
or reference, 


Pests and Poisons 


Hanna’s Handbook of Agricultural 
Chemicals. Lester W. Hanna. West 
Coast Printing and Binding Co., Port- 
land, Ore. (1953), xvi + 209 pp. 
$3.25. 


Reviewed by P. H. Groggins, Food 
Machinery & Chemical Corp., Washing- 
ion. G. 


This handbook is a pocket-size vol- 
ume, which could conveniently be used 
by fieldmen in many of the agricultural 
sciences. It gives the various common 
and chemical names of more than 500 
commercial chemicals used as fertilizers, 
soil conditioners, fumigants, fungicides, 
insecticides, herbicides and rodenticides. 

Of partcular interest to workers mak- 
ing or using agricultural chemicals are 
the sections and comments dealing with 
the toxicity of pesticides and the anti- 
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NOTES 


News of Books of Interest to Chemical Engineers 


dotes that may be employed in case of 
poisoning. 

The bulk of the volume is devoted to 
pesticides, a field in which the author 
has long worked. The information on 
such chemicals is concise and generally 
reliable. It would have been most help- 
ful to have chapter or section introduc- 
tions which surveyed the various fields. 
Such a summary would be particularly 
helpful in the chapters dealing with 
fumigants, insecticides and fungicides. 
It would be an aid in interrelating the 
numerous individual compounds as well 
as putting them in their proper per- 
spective. 

The chapter dealing with fertilizers 
is in general poorly presented and fails 
to come up to standards desired by 
chemists or chemical engineers. The 
following are some examples of hasty 
proofreading : 


Methanol is not synonomous with 
formaldehyde. 


Specific gravity or carbon tetra- 


chloride is not 5.31. 


This (NH,) is burned or oxidized 
with air and nitric acid. 


Because the pesticide industry is a 
rapidly growing and important industry, 
the handbook should serve as a conven- 
ient source of ready information for 
entomologists, plant pathologists and 
agronomists. Managerial personnel re- 
sponsible for avoiding or combating 
economic poison hazards will also find 
the volume useful. 


A Little Knowledge Is . . . Helpful 


Experimental Nuclear Physics, Vol. Il. 
E. Segré, Editor (contributors P. Mor- 
rison and B. T. Feld) John Wiley & 
Sons, Inc., New York (1953), 600 pp. 
$12.00. 


Reviewed by L. E. Brownell and J. V. 
Nehemias, Fission Products Lab., Uni- 
versity of Michigan, Ann Arbor. 


This volume consists of two mono- 
graphs—by Philip Morrison on nuclear 
reactions and by Bernard T. Feld on the 
neutron. Both show evidence of years 
of painstaking preparation; and lucidity 
of presentation is characteristic through- 
out each. 

As Dr. Feld says on page 208: “This 
work . . . presupposes a knowledge of 
. . . nuclear physics as well as of its 
terminology.” The engineer without a 
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fairly good basic understanding of the 
physics involved, and familiarity with 
the terminology, would indeed find this 
volume difficult reading. However, for 
the engineer with these prerequisites, 
who seeks a better understanding of ex- 
perimental nuclear physics as prepara- 
tion for attacking laboratory or reactor 
design problems, this volume is an ideal 
source. It is a remarkably complete, 
concise, easily followed presentation of 
a substantial body of knowledge and con- 
ceptual information. 

A good index, an exhaustive bibliog- 
raphy, and extensive use of cross refer- 
ences render the book extremely useful 
as a reference book, and as a starting 
point for more intensive, specialized 
studies in nuclear physics. 


Words, Words, Words 


Metallurgical Dictionary. J. G. Hender- 
son, assisted by J. M. Barnes. Rein- 
hold Publishing Corp., New York 
(1953), 396 pp. $8.50. 


The Metallurgical Dictionary includes 
strictly metallurgical terms, production 
terms, and some other words related to 
the subject. Th: definitions are not 
lengthy, many everaging about forty 
words. They are, on the whole, not too 
technical for readers in other fields nor 
too difficult for metal-trades workers 
with high school education ; yet they in- 
clude the essential information. /mpact 
test, for example, is defined as “a test 
in which one or more blows are sud- 
denly applied to a prepared specimen. 
The results are usually expressed in 
terms of foot-pounds of energy ab- 
sorbed, or the number of blows of a 
given intensity required to break the 
specimen. See also Charpy impact; 
Izod impact.” As this definition shows, 
the cross references are helpful. 

Clarity is the most admirable feature 
of the work. Ever since Samuel John- 
son defined network as “anything reticu- 
lated or decussated at equal distances 
with interstices between the intersec- 
tions,” there have been dictionary 
makers to glory in polysyllabic and diffi- 
cult terms. Using their dictionaries in- 
volves looking up the jawbreakers of 
each definition only to find more un- 
known words. The reader faced by un- 
familiar words which send him farther 
and farther afield, seldom succeeds in 
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DON'T TAKE OFFICE WORRIES HOME 


NOZZLE 


for chemical 
spraying, 
cooling, 
humidifying, 
\ deh drating, 
and hundreds 
of other 


applications. 


You'll get the 

right nozzles 

quicker by 

calling Binks... 
manufacturers 

of one of the 
most complete 
selections 
ever produced. 


© 


A wide range of spray patterns, 
sizes, capacities...with nozzles 
cast or machined from 

standard or special 
corrosion-resistant 

metals. 


yfacturing Company 
52 Correll Ave., Chicago 12, 


send me your 
ray Nozzle Catalog --- 


MANUFACTURING CO 


MARGINAL NOTES 
(Continued from page 62) 


discovering the meaning of the word 
he first looked up. Henderson and Bates 
have avoided such irritating definitions 
in spite of the problems involved in ex- 
pressing clearly the meanings of diffi- 
cult technical terms. 

The explanations are unusually con- 
cise, although occasionally the technical 
reader may find that part of the meaning 
or a related meaning has been sacrificed 
to brevity. In such a case an older work 
such as Fay’s Glossary, which includes 
the definitions of other writers, will be 
a necessary supplement. 

For the chemical engineer who needs 
a metallurgical dictionary, the work of 
Henderson and Bates is suggested be- 
cause it is up to date, clear, and concise. 
The chemical engineer who owns an 
older dictionary will find this new one 
useful if he needs definitions of modern 
terms such as flame plating or shell 
molding or if he wants simple explana- 
tions of older terms. 

An appendix presents general discus- 
sion of steels, iron, aluminum, copper, 
lead, nickel, and zinc, with particular 
emphasis on production. 

—H. J. TICHY 


A Bloodless Revolution 


The Chemical Revolution. A Contribu- 
tion to Social Technology. Archibald 
and Nan L. Clow. The Blatchworth 
Press, London (1952, xvi + 680 pp. 
50 shillings, net. British Bood Centre, 
Inc., New York 22, $10.00. 


Reviewed by D. H. Killeffer, Consul- 
tant, Tuchahoe, N. Y. 


This book is one of the kind of schol- 
arly treatises that the British seem to 
do far better than we do this side of the 
Atlantic. The Clows here have at- 
tempted (and quite successfully) to 
show the chemical industry passing 
through the period of fundamental 
change that we call the industrial revo- 
lution. They have done this by gather- 
ing together great numbers of original 
docvments to demonstrate how chemical 
industry went through the great meta- 
morphosis from the crude “cottage” 
manufacture, that represents its begin- 
nings and early history, to become an 
integrated part of our industrial and eco- 
nomic structure. Because of the mani- 
fest care that the authors have exercised 
in assembling and collating original 
materials, their book assumes an impor- 
tant place in this reader’s library as a 
source book for chemical beginnings in 
England and Europe. While the indi- 
vidual chapters are fascinating to read 
as presenting the beginnings and devel- 
opment of the chemical craft, the book 
as a whole is likely to be more useful for 
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(Advertisement) 
Liquid Carry-Over Economically 
Controlled by Separators 
Made of Knitted Wire Mesh 


When the removal of unwanted — and 
often contaminating — liquid particles 
entrained in a gas is considered as basic- 
ally similar to the filtering of solid par- 
ticles from the same type of carrier, the 
simplicity and effectiveness of knitted 
wire mesh entrainment separators is 
more readily understood. 


Small section of a Metex Mist Eliminator opened 
to show construction. 

Known as Metcx Mist Eliminators, 
these separators are built up from layers 
of knitted wire mesh into a unit, forami- 
nous in structure, which removes the 
liquid particles by impingement and ac- 
cumulation in depth. Though operating 
on the same principle as air filters of this 
type, they have one distinct advantage. 
The filtrant being liquid will drain from 
the Mist Eliminator by gravity. Entrain- 
ment removal can therefore be considered 
as a “continuous” rather than a “batch” 
operation since the “filter” does not 
have to be cleaned. 

Metex Mist Eliminators were first 
used about 10 years ago to remove the 
liquid entrainment in a_ fractionator 
tower in one of our leading petroleum 
refineries. The efficiency of, and the op- 
erating economies effected by, this first 
installation have since been repeated in 
unnumbered operations which include 
not only petroleum refining, but petro- 
chemical and chemical processing opera- 
tions in this country and abroad. 

Mist Eliminators can be easily in- 
stalled in new or existing vessels. ‘They 
have no moving parts to require power 
or servicing and need no special hous- 
ings. Experience shows that they will 
operate over an unusually wide range of 
velocities with a pressure drop gencrally 
less than 1” of water. Entrainment re- 
moval efficiencies of 99% and better are 
commonly reported. For full informa- 
tion write Entrainment Separator De- 
partment, Metal ‘Textile Corporation, 
Roselle, New Jersey. 
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reference than as a volume to be read 
through. A good usable index and cop- 
ious references (for the benefit of schol- 
ars and skeptics) make the vast amount 
of material here readily available. In 
manuscript, the book was awarded the 
Senior Hume-Brown Prize of the Uni- 
versity of Edinburgh. 


Inorganic Synthesis, Vol. IV. John C. 
Bailar, Jr., Editor in Chief. McGraw- 
Hill Book Co., New York (1953), 218 
pp. $5.00. 


Reviewed by Paul D. V’. Manning, Jr., 
Stearns-Roger Mfg. Co., Denver, Colo. 


This book is the fourth in a series 
describing methods of preparation for 
various inorganic compounds. The pro- 
cedures described have all been checked 
and sometimes revised by various uni- 
versity and industrial laboratories. 

The text contains a clear quantitative 
description of procedures used to produce 
about seventy inorganic compounis. In- 
cluded are sketches of any special equip- 
ment that is required, the properties of 


each compound and, if necessary, the | 


safety precautions to be taken. The 
treatment given each compound is de 
pendent upon the complexity of the 
operation. 

Two indexes are provided and each is 
cumulative: one is a subject index and 
the other a formula index. In addition 
there is an excellent reference list fol 
lowing the discussion of each compound. 

“Inorganic Synthesis” continues the 
policies and practices of the previous 
volumes. It should prove just as valu- 


able to the chemist or chemical engineer | 
concerned with the use or production of | 


such compounds as Volumes I, II, and 


Ill. 


Books Received 


Practical Chromatography, R. C. Brimley 
and F. C. Barrett. Reinhold Publish- 
ing Corp., New York (1953), 128 pp. 
$5.00. 


Procedures in Experimental Metallurgy. 
A. U. Seybolt and J. E. Burke. John 
Wiley & Sons, Inc., New York (1953), 
xi + 340 pp. $7.00. 


Industrial Inorganic Analysis. Roland S. 
Young. John Wiley & Sons, Inc., New | 
York (1953), viii + 368 pp. $5.75. 


Microwave Spectroscopy. M. W. P. 
Strandberg. John Wiley & Sons, Inc., 
New York (1954), 140 pp. $2.50. 


Quantitative Organic Analysis via 
Functional Groups. 2nd ed. Sidney 
Siggia. John Wiley & Sons, Inc., New 
York (1954), 227 pp. $5.00. 


Organic Chemistry —A Brief Course. 
R. W. Getchell. McGraw-Hill Book 
Co., Inc., New York (1954), 278 pp. 


$4.00. 
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“UNACCOUNTABLE 


You can cut 


FIG. 2500 SERIES 
GAUGE HEAD 


LOSSES!” 
If your process involves the storage of liquids in tanks, 

then one of the first places to look for an “unaccountable loss” 
is in the gauging of your tanks. 


“VAREC” Automatic Tank Gauging applies a new 
principle to a time-tested method of gauge operation that 
assures dependable accuracy and simplified reading. 

It will also save time and manpower. There is “VAREC” 
Automatic Gauging Equipment for high and low 

pressures and all gauging requirements, 

Plan this money-saving step today, send for full details 

on “VAREC” Automatic Gauging Equipment. Fill 

out this convenient coupon or request on your letterhead. 


VAPOR RECOVERY SYSTEMS COMPANY 


COMPTON, CALIFORNIA 
Cable Address: VAREC COMPTON (CAL. U.S.A.) All Codes 


SALES OFFICE AT: 


Boston 11, Moss. Minneapolis, Minn. St. Lowis 20, Mo. 
Chicago 6, Ili. New York 7, N. Y. Seattle, Wash. 
Detroit 26, Mich. Pittsburgh 19, Pa. Tulse 9, Okla. 
Houston, Texas San Froncisco, Calif, 


FOREIGN SALES AGENCIES AT: 
ARGENTINA, Buenos Aires HH. Hennequin & Cia. Av. Belgrano 881 


BELGIUM, Brussels Etab. Emeric Kroch, 75 Blvd. Clovis 
BRAZIL, Rio de Jonerio Sociedad Iimportadora de Equip., Av. Cologeras No. 15-7 $/708 
CANADA, Montreal Peacock Bros. Ltd. Town of Lo Salle 
CANADA, Toronto J. F. Comer Co., 508 Federal Bidg., 85 Richmond St. West 
HAWAII, Honolulu Allon ®. Duvall, 1171 Hopoke St., P.O. Box 33 
HOLLAND, Amsterdam C Comprimo N. V. Amstel 21C 
JAPAN, Tokyo American Jopon Trading Co., 213 Chrom Ginza Chuo-Kyu 
MEXICO, Mexico 4,D.F. Schultz y Cio., $.A., Col Son Rafoel, Sullivon 119 
SWEDEN, Stockholm Kemi-intressen, P.O. Box 16363 
SWITZERLAND, Zurich Urania-Acessories, Newmuhlequai 24 
VENEZUELA, Barcelona Waldrip-Campbel, Aportodo 30 
VENEZUELA, Marcaibo Waldrip-Compbell, Apartado de Correo 594 

FOREIGN MANUFACTURING LICENSEES: 
ENGLAND, London Wm. Neil & Son, Lid., 38 Victoria St. $.W.1. 
FRANCE, Poris Compagnie Tech. des Petroles, 134 Bivd. 


MAIL COUPON NOW FOR NEW BULLETIN CP-3501 


THE VAPOR RECOVERY SYSTEMS COMPANY 
2820 N. Alameda Street, P.O. Box 231 
Compton, California, U.S.A. 
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How about = 


FURNACE ROLLERS 
HEAT TREATING TRAYS 
FURNACE SHAFTS 
ANNEALING BELTS 
RETORTS 

TUBING 


Which are 
Heat Resistant 


Corrosion Resistant 


Abrasion Resistant 


When ready to order, how about checking with us here at 
DURALOY? For more than thirty years we have 
specialized in high-alloy castings. In fact, we were 

among the first to produce static castings and the first 

to produce centrifugal castings. We are old hands at 
producing castings alloyed to fit each specific requirement 
and to finish them to any extent desired. 


Melt, castings and finishing are carefully controlled and 
quality tested by our staff of metallurgists, chemists, 
X-ray and gamma-ray technicians. If you would like more 
preliminary information, send for Bulletin No. 3150-G. 


THE JURALU COMPANY 
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HONORARY SOCIETY 
ANNOUNCES OFFICERS 


Phi Lambda Upsilon, honorary chem- 
ical society, announced recently the elec- 
tion of national officers for 1954-57. 
James M. Church of the department of 
chemical engineering, Columbia Uni- 
versity, became national president; 
Carl S. Carlson, research director for 
the Morton Salt Co., Chicago, and a 
chemical engineer, was reelected vice- 
president; national secretary is Thom- 
as B. Cameron of the department of 
chemistry, University of Cincinnati; 
William G. Schrenk, professor of chem- 
istry at Kansas State College, is na- 
tional treasurer, national editor is Mil- 
ton Tamres of the department of chem- 
istry, University of Michigan; and Al- 
bert H. Holtzinger of the department 
of chemistry, Pennsylvania State Uni- 
versity, was reelected historian. 


GERMANS DEVELOP NEW 
SYNTHETIC WAXES 


Pure waxes with high melting points 
are being developed by means of the 
Fischer-Tropsch process by the Krupp 
Kohlechemie G.m.b.H. of Germany. 
Marketed. under the name SynPar, the 
waxes are high-molecular-weight ali- 
phatic hydrocarbons containing some 
molecules branched with short side 
chains. Sales in this country are han- 
died by H. L. Barnebey, P.O. Box 144, 
Pittsburgh 30, Pa. 


SAVE THOSE BACK ISSUES 


Every so often an unprece- 
dented demand for a particular 
issue, or an unexpected influx of 
new subscribers and members 
puts the editor in the embarrass- 
ing position of running out of 
copies of Chemical Engineering 
Progress. This has happened sev- 
eral times in our short history 
and if members have copies of 
any of the following issues, we 
would be glad to purchase them. 
The issues which we need and 
for which we will pay 75 cents 
each are: April, 1947, October 
and Nover:ber, 1950, and Feb- 
ruary, 1953. 

All these issues were over- 
printed to a great extent, but be- 
cause of features and other de- 
mands, single copy sales, etc., 
they were completely exhausted 
in a short time. 
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CANDIDATES FOR MEMBER- 
SHIP IN A. I. Ch. E. 


The following is a list of candidates for the designated grades of 
membership in A.!.Ch.E. recommended for election by the Committee 


on Admissions. 


These names are listed in accordance with Article III, Section 7, 


of the Constitution of A.I.Ch.E. 


Objections to the election of any of these candidates from Active 


members will receive careful 


consideration if 


received before 


April 15, 1954, at the Office of the Secretary, A.|.Ch.E., 120 East 


41st Street, New York 17, N. Y. 


Applicants for Active 
Membership 


Armstrong, Eldon L., Garden City, 
N. Y. 

Armstrong, John C., New York, 
N.Y. 

Balch, Clyde W., Toledo, Ohio 

Barber, F. Taylor, Bartlesville, 
Okla. 

Blaine, Edward A., Parma Heights, 
Ohio 

Boulder, E. R., Riverside, Pa. 

Bradshaw, George B., Jr., Chorles- 
ton, W. Va. 

Bradshaw, Joseph G., Glenshow, 
Po. 

Buckley, Page S., Orange, Tex. 

Calloway, Foster F., St. Albons, 
W. Va. 

Calton, F. R., San Jose, Calif. 


Chapman, Robert F., Phila., Pa. 

Curron, Charles S., West Point, 
Pa. 

Delancey, Merton M., Charleston, 
W. Va. 

Ellis, D. R., Jr., Ambler Pa. 

Eliot, Theodore Q., Tulsa, Okla. 

Estes, Keith E., Ook Ridge, Tenn. 

Evans, Chives W., Freeport, Tex. 

Franz, R. J., Somerville, N. J. 

Friedman, Julius, Detroit, Mich. 

Getz, J. Warren, St. Albans, W. 
Vo. 

Goodmann, Eugene P., Whiting, 
Ind. 

Horiv, Oscar H., Media, Pa. 

Honeycutt, Eorl M., Marcus Hook, 
Po. 

Jensen, J. 
Collif. 

Jensen, Randolph A., Houston, Tex. 


Wallace, Torrance, 


(Continued on page 68) 


PATENT NUMBERS 


1479149 2143477 ~ 627464 


Low Cost Protection 


NOZZLE 


@ to help you 
improve a 


spraying 


The most complete industrial spray nozzle 
catalog ever produced. Gives you reference 
data on thousands of standard and special 
spray nozzles for every type of spraying. 


WRITE FOR your free copy of Catalog No. 24 


SPRAYING SYSTEMS CO. 
3284 Randolph St. Bellwood, Iilinols 


AVAILABLE FROM STOCK! 


A NEW QUALITY 

.| CARRIER AT AN 
ECONOMY PRICE... 
FOR 18” 24” 30” 
36” BELTS 


HEAT EXCHANGER TUBE ENDS 


In the past 31 years Conseco has provided millions of 
Flowrites for tube inlets of heat exchangers operating 
in all industries and all applications. Tube inlets be- 
come eroded and worn long before the remainder of the 
tube, and by reinforcing the inlets it is possible to 
increase the effective tube life many times. 
Flowrites—made of the same metal as the tubes— 
are available in any length, diameter or gauge. They 
are easy to install and remove by unskilled help. When —- 
Flowrites themselves become worn (instead of tt 2 tubes!), co. 
just pull them out and install new, longer Flowrites. | 57 Ridgewoy Avenve, Aurore, I 
Get facts from the B-page Flowrite “proof” mo 


CONDENSER SERVICE & ENGINEERING CO. 


64 BLOOMFIELD ST., HOBOKEN, N. J. 
HOboken 3-4425 N. Y. Tel: BArclay 7-0600 


BELT CONVEYOR CARRIER 


Now, cut costs and simplify many carrier applications 
by ordering new S-A 745's direct from stock! Quality de- 
sign and construction includes rigid welded steel frame— 
S-A spun-end rollers made from a single piece of heavy 
gauge steel tubing—labyrinth seal that keeps dirt out of 
ball bearings, and grease in-——}-shot Alemite lubrication 
Rollers can be disassembled without tools and are inter- 
changeable. 


| 
| 
| 
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TEST IT 
FREE! 


RIGHT IN YOUR OWN PLANT 


INDUSTRIAL 
WORK 
CLOTHING 


RESISTS 
ACIDS, 
ALKALIES, 


AMAZING TESTS PROVE — 
ALLSAFE DYNEL Clothing 


Outwears Ordinary Cot- 
ton or Wool Work Cloth- 
ing Ten Times Over! 


Boiled in 5% Sulphuric 
Acid... for 20 hours, ALL- 
SAFE DYNEL does not even 
lose strength or pick up a 
single spot or stain. 


71 actual laboratory tests with 
Nitric Acid, Sodium Hydroxide, 
werful Inorganic Salts, Perox- 
ide, Chlorox, Gasoline, Toluene, 


Urea, and other chemicals show 
the pre, qualities of the 
YNEL Clothing. 


HOW TO GET YOUR ALLSAFE 
DYNEL CLOTHING 


ror A FREE TRIAL! 


We'll send you an ALLSAFE 
DYNEL garment to inspect. 
Write for details today. No 
charge if returned in sale- 
able condition. 


Niagara St. ¢ Buftalo 13, N.Y. 


Kjeliman, Harry A., Jr., Pittsburgh, Pa. 
Koplik, Myron John, New York, N. Y. 
Kuehler, Paul N., Baytown, Tex. 
Larson, Roger E., Schenectady, N. Y. 
Leisten, W. J., Wyandotte, Mich. 
Lunde, K. E., Stanford, Calif. 

Martz, Lyle E., Midland, Mich. 
Merrington, Robert S., New York, N. Y. 
Miller, Clarke C., Whiting, Ind. 

Miller, V. L. Keith, Corpus Christi, Tex. 
Morgan, Stanley L., Bedford, Ohio 
Omohundro, George A., Pittsburgh, Po. 
Osmalov, Robert, Buffalo, N. Y. 

Pearce, F. G., Tulsa, Okla. 

Pond, Richard N., Rochester, N. Y. 

Ponder, Thomas C., Houston, Tex. 

Rahn, Richard C., Painesville, Ohio 
Ratcliff, Walter F., Aruba, N.W.1. 

Rice, R. W., Lake Charles, La. 

Rotzler, R. W., Texas City, Tex. 

Roudebush, Bert V., South Pasadena, Calif. 
Schneider, Paul H., Kingsport, Tenn. 
Schutze, Henry G., Baytown, Tex. 

Seyfried, W. D., Baytown, Tex. 

Stanfield, Zenas A., Wilson Dam, Ala. 
Strong, Charles E., Parlin, N. J. 

Thomas, C. Jack, Brandenburg, Ky. 
Tomkowit, T. W., Penns Grove, N. J. 
Unger, Wm. E., Oak Ridge, Tenn. 

Walsh, Arthur G., Fort Worth, Tex. 

Winter, C. H., Jr., 
Woodfield, F. W., Jr., 


Wilmington, Del. 
Richland, Wash. 


Applicants for Associate 
Membership 


Chowdhry, Nazir A., Woolwich, London, S.E. 


Kolbach, Harold F., Wilmington, Del. 
Pekkala, Ralph O., Aiken, S. C. 


Applicants for Junior 
Membership 


Abernathy, Frank W., Kingsport, Tenn. 
Armistead, J. M., Port Arthur, Tex. 
Arneson, Eugene W., Greendale, Wisc. 
Awde, Jack E., Old Bridge, N. J. 
Babinsky, Theodore C., Buffalo, N. Y. 
Bornett, E. H., Jr., Lebanon, Mo. 
Batchelor, James D., Pittsburgh, Pa. 
Baumgartner, Jack A., New Orleans, La. 
Berenson, Conrad, Stamford, Conn. 


| Eggers, E. W., Baytown, Tex. 


Boch, Lovis G., W. Orange, N. J. 
Bowen, Robert L., College Park, Go. 
Brown, Billings, Provo, Utah 


Brown, Dwight C., Waterford, N. Y. 


Butler, Neil E., E. Hartford, Conn. 
Campbell, Harvey A., Bishop, Tex. 
Cooper-Smith, Robert, Orange, Conn. 
Dailey, Charles E., Ill, Pittsburgh, Po. 
Deloache, George N., Aiken, S. C. 
Dickey, Knowles, New York, N. Y. 
Dudley, Ray, Jr., Baytown, Tex. 
Ellis, William W., Columbus, Ohio 
Embs, Elmer E., Louisville, Ky. 
Eubank, Thomas D., Louisville, Ky. 


Chemical Engineering Progress 


Pilot Plant Engineering 


No. 1 of a Series 


ENGINEERING SERVICES at SNELL 


Our Pilot Plant Engineering Section is 
equipped to run any of the unit chemical 
engineering processes from a crystalliza- 
tion to solvent recovery. 


This section is prepared to test or estab- 
lish a unit operation for your particular 
requirements, perform comparative proc- 
ess evaluations on your products against 
your own improvements or against com- 
petitive materials. 


This work can be undertaken as a single 
project or in conjunction with the other 
services of our Engineering Division such 
as process design, plant trouble shooting, 
chemical studies and market research. 


POSTER D. SNELL 


29WEST IS*ST. NEW YORK II, —WA 4~8600 


CHEMISTS - ENGINEERS 


ONE-PIECE SPUN TRAYS 
CONTINUOUS, VERTICAL, TRANSFER 


for SENSITIVE PRODUCTS 


High 
efficiency 


Low 
maintenance 


Easily accessible 
for 
quick cleaning 


also Suitable for COOLING 


Write for Bulletin! 
gents in 


WYSSMONT 


Cities 


COMPANY 


42. OSE 27th Street (Bridge Sourh 
Long Isiond City | New York 
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Fujimoto, Mike S., Chicago, Ill. 

Gabel, William F., Cincinnati, Ohio 
Haaga, John C., St. Albans, W. Va. 
Hardt, Harold A., Aiken, S. C. 

Harvey, E. Malcolm, Baton Rouge, La. 
Haury, Gerard L., Louisville, Ky. 

Heine, Murray A., Hamden, Conn. 

Herion, Robert W., Jr., West Chester, Pa. 


Higgins, Edward Leroy, Monterey Park, Calif. 


Huddle, John G., Centerville Sta., ill. 
Hutchins, Leroi E., Crystal Loke, til. 
Johnson, Adrian E., jJr., Beaumont, Tex. 
Kaiser, Thurman W., Wilmington, Del. 
Kelly, Arthur W., Jr., Charleston, W. Va. 
Kerr, Arthur C., Port Arthur, Tex. 

Knox, Ronald O., Fredericksburg, Va. 
Kruse, William E., N. Augusta, S. C. 
Lampe, Ross W., Kingsport, Tenn. 

lane, Samuel M., Richmond, Va. 
Longstoff, Witt |., Kingsport, Tenn. 

lee, Chen Y., Trona, Calif. 

leyshon, David W., Westport, Conn. 
Lubbers, Norman V., St. Louis, Mo. 
Magill, William H., Alton, Hil. 

Manes, Myron M., Grand Island, N. Y. 
Marcus, Stanley A., Midland, Mich. 
Marks, Allon F., Louisville, Ky. 
Mazurek, Robert C., St. Louis, Mich. 
McCauley, Fred D., Jr., Wilmington, Del. 
Mittelberg, Roger F., N. Augusta, S. C. 
Montfort, Jean A., Monroe La. 


Nahabedi . Ardashes, Scott Air Force Base, iil. 


Newman, James B., Aiken, S. C. 
Nienart, Louis F., Elizabeth, N. J. 

Palm, Gordon F., Pasadena, Tex. 
Peterson, Harold R., Riverton, Minn. 
Peterson, Howard C., Newark, N. J. 
Petretti, Richard V., Hingham, Mass. 
Polk, Brian K., Akron, Ohio 

Potter, John J., Jr., St. Albans, W. Va. 
Price, Eugene B., White Plains, N. Y. 
Purcell, James A., Augusta Go. 

Rich, Warren W., Wilmington, Del. 
Rizzone, Angelo J., Woodbury N. J. 
Roberts, William E., Akron, Ohio 

Roos, John T., Denver, Colo. 
Rosenbaum, Werner, New York, N. Y. 
Rudy, Dennis D., Newark, Del. 

Sailor, Robert Allen, Drexel Hill, Pa. 
Savoy, Jacques L., Baton Rouge, La. 
Segraves, Robert O., Alton, Ill. 

Sells, Raymond H., Jr., Ook Ridge, Tenn. 
Siefert, George J., Akron, Ohio 

Snyder, Paul W., Jr., Swedesboro, N. J. 
Szombathy, Lovis H., Pearl River, N. Y. 
Tallarico, Michael A., Tiltonsville, Ohio 
Tennant, Bruce W., Whiting, Ind 
Tournour, Frank, New York, N. Y. 
Turner, Andrew, So. Charleston, W. Va. 
Unstead, Charles H., Kingsport, Tenn. 
Van Ness, John H., Webster Groves, Mo. 
Volz, Charles J. A., Pasadena, Md. 
Walsh, Robert J., Dayton, Ohio 

Weir, Clifford L., Brooklyn, N. Y 
Wikete, Peter, Jr., St. Louis, Mo 
Wilkinson, Jomes A., Freeport, Tex 
Wong, James B., Park Forest, Il!. 
Young, Thomas G., Augusta, Go. 
Youngblood, Gene M., Victoria, Tex. 
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MIXERS 


DESIGNED FOR BOTH EFFICIENCY 
AND ENDURANCE 


Paul O. Abbe Mass and Paste Mixers 


have all the points you look for in Mixers for light and 
heavy mixing jobs. 


With predictable uniformity in the re- 
sults you can mix putty, plastics, chew- 
ing gum, paints, pharmaceuticals, 
creams, and dozens of other products 
of widely voried consistencies. 


There is a type and size for every mixing purpose, 
engineered and constructed for long, efficient service. 


Illustrated here is our No. 1 heavy duty 
Mixer with direct drive—jacketed for 
temperature control. 


The mixing arms or blades overlap 
each other in motion, each arm travers- 
ing part of the space occupied by the 
other, constantly shifting the mass of 
material and preventing dead spots in 
the mixing area. 


Let us help you with your mixing problem. 


PAUL O. 


271 CENTER STREET LITTLE FALLS, NEW JERSEY 
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BALL SEGREGATION ... 


Hardinge 
Conical Mills 


The conical shape of the Hardinge Mill 
causes a rapid circulation and classifying 
action within the drum, which inereases 
the capacity for power expended over other 
types. The range of grinding is large, 
due to the segregation of the sizes within 
the mill. The conical shape insures ex 
treme rigidity and simplicity. Mechanical 
troubles are practically unknown. Sizes 
range from 2 feet to 10 feet with eapaci 
ties from a few pounds per hour to 100 
tons per hour. Bulletin 17-B-40 gives full 
details of dry grinding applications. Bulle 
tin AH-389-40, wet grinding. 


HARDINGE 


CIOM PANY INCORPORATED 


TORK Arch Mow and 


LOCAL SECTION NEWS 


The Savannah River Chemical Engineers Club 
completed its organization with an election of 
officers at a meeting in Augusta, Ga., on Jan. 
19, 1954. Bylows had been adopted at the 


December meeting in Aiken, S. C. Officers 
elected to serve through 1954 are: 
Chairman. . P. Foster 
Vice-Chairman. John B. Roberts 
Secretary. . T. H. Crim 
B. L. Boker 


Executive Committeemen: W. P. Bebbing- 
ton, J. W. Morris, and P. S. Shane 
H. H. Cudd, director of the Engineering Ex- 
perimental Station, Georgia Institute of Technol- 
ogy, and a former chairman of the Atlanta Sec- 


| tion, A.I.Ch.E., addressed the Club on “Science 


and Industry in the Southeast.” At earlier meet- 
ings Thomas H. Chilton, of Du Pont Co., and 
former President of A.1.Ch.E., addressed the Club: 
on “Why Is an Engineering Society?” and H. L. 
Greene, Du Pont's ger of the 
Savannah River plant, spoke on the objectives 
and organization of a local section. 

W. K. Stromquist, reporter, states that attend- 
ance over the period of organization has in- 
creased steadily from sixty-six to eighty-two. 


t plant 


N. W. Morley sent in a report on the 
Feb. 4 meeting of the Ohio Valley Section, 
which in cooperation with A.LE.E., 
A.S.C.E., A.S.M.E., and The Engineering 
Society of Cincinnati, held a Professional 
Development Seminar at the Engineer- 
ing Society Headquarters in Cincinnati, 
Ohio. The theme of the meeting was “The 
Virst Five Years of Professional Develop- 
ment.” Cincinnati was chosen for the first 
meeting of a series to be held throughout 
the country by the Engineers Council for 
Development the above 


Professional on 


subject. 

N. W. Morley also reported that on 
Jan. 20 the Section held a joint meeting 
with the American Society for Quality 
Control at the Engineering Society 
Headquarters in Cincinnati. The speaker 
for the meeting was James A. Mitchell, 
superintendent of development and con- 
trol, Cellulose Esters Division, Tennes- 
see Eastman Co., Kingsport, Tenn. Mr. 
Mitchell's was “Production 
Scale Experiments.” In his talk he out- 
lined how production experiments 
should be carefully planned and carried 
out in order to obtain results which can 
be statistically analyzed. 


subject 


and development of 


The present techniq 
long-ronge weather forecasting were the subjects 
of a talk given by H. C. Willett, professor of 
meteorology at M.I.T., at the regular meeting 
of the Ichthyologists (Boston Section) on Jan. 22, 
1954. His talk was followed by extensive dis- 
cussion from the floor on weather forecasting 
in general. A. G. Smith reported the meeting. 
(See page 42 for announcement of symposium 
in Boston.) 


The fifth annual all-day symposium of 
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the New Jersey Section will be held 
May 11, 1954, at the Essex House, New- 
ark, N. J. Several reporters kept us in- 
formed of the forthcoming meeting. De- 
tails can be found in the News section 
on page 42. 

Lauren Hitchcock, recently appointed president 
of the Southern California Air Pollution Foundo- 
tion, discussed the chemical engineering aspects 
of the Los Angeles, Calif., smog problem at the 
March 16 meeting of the New York Section held 
at the Brass Rail. 

At the January meeting 120 were in attend- 
ance to hear J. R. Hugill, of Canadian Liquid 
Air Co., Ltd., speak on low-temperature tech- 
niques. His talk, according to A. Jonnard, was 
@ general survey of the various commercial appli- 
cations of low-temperature technology, particu- 
larly the production of various high-purity gos 
streams such as ethylene, carbon monoxide, and 
ammonia synthesis gas. 

The April 21 meeting will be a luncheon at 
which Morgan Sparks of Bell Telephone Labora- 
tories will speak on transistors and their appli- 
cations in the process industries. 


The Jan. 26 meeting of the Cleveland 
Section was preceded by a dinner in the 
Oak Room at Fenn College. As first 
trial of the “brief biography” feature of 
this year’s meetings, Bill Charbonnet, of 
Brush Laboratories, Bob Ingebo, of 
N.A.C.A., and R. R. Morse, of Sohio’s 
Technical Service Division, reviewed 
briefly their company interests and their 
specific fields of activity. 

W. D. Stillwell, director of field re- 
search of Harshaw Chemical for twenty 
years since receiving his doctorate from 
Western Reserve University, drew from 
his extensive experience in catalyst re- 
search, customer service, and new cata- 
lyst development to discuss the chemical 
and mechanical problems of catalyst 
preparation, specific catalysts and their 
application. D. J. Porter proudly re- 
ports that forty-five members and guests 
were present. 


At the Feb. 15, 1954, meeting of the North- 
ern California Section, Don Imhoff senior physi- 
cist, California Research & Development Co., 
gave a talk titled, “Northern California’s First 
Atomic Reactor.” His talk covered an explanc- 
tion of the design and operating features of 
California Research & Development Co.'s atomic 
reactor at Livermore. 

B. L. Lubin, reporter of Terre Haute 
Section, writes as follows: 

The Terre Haute Section has taken on a new 
look. We are drifting away from strictly tech- 
nical frrnctions to topics of more general interest. 
Local corporations ore giving their support. Eat- 
ables and drinkables were supplied, respectively, 
by the Chas. Pfizer Corp. and the Commercial 
Solvents Corp. at two of the last three meetings. 
We plundered the local section treasury to pay 
for the third. 

(Continued on page 73) 
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What we still don’t know about cancer 


—and one of the reasons why 


IN THE PAST FEW YEARS, our knowledge 
of the nature of cancer, and how to 
treat it, has grown encouragingly. Pa- 
tients, who would have been considered 
hopeless cases even five years ago, today 
are being completely cured. And even 
those who apply for treatment too late 
can usually live longer—and less pain- 
fully—because of modern palliative 
treatment. 

All the same, there have been defeats 
as well as victories. We do not know— 
to take a single example—why so many 
more men are now dying from cancer 
of the lung. In 1933—just twenty years 
ago—lung cancer killed 2,252 men; ir 
1953, some 18,500. That's a great in- 
crease—which even our expanded popu- 
lation, and other known factors, can’t 
possibly account for in full. 

Well, why haven’t we found more of 
the answers to cancer? 

Not only because cancer is an im- 
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mensely complex problem: difheult to You gave the Society almost twenty 
diagnose, and difficult to treat; chal- millions to fight a disease that at pres- 
lenging to the best research minds ent death rates—-will kill twenty-three 
All that is true enough. But there is million living Americans 
another reason: we do not have enough Less than one dollar for each Ameri- 
money. can destined to die from cancer. Much 
Last year your gifts to the American more is needed for research, for educa- 
Cancer Society were more generous than tion, for clinics. Won't you please do 
ever before. But they were not enough. your part now? 


American Cancer Society 


Cancer GENTLEMEN: 
—_ Please send me tree information on cancer. 
Man’s cruelest 


Enclosed my contribution of $ 
enemy to the cancer crusade 
| 


strike back 
Give 


Simply address the envelope: 
CANCER c/o Postmaster, Name of Your Town 
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FUTURE MEETINGS AND SYMPOSIA OF A.1.Ch.E. 


Chairman, Program Committee 


Loren P. Scoville, Jefferson Chemical Company, Inc. 260 Madison Ave., New York 16, N. Y. 


Assistant Chairman 


George Armistead, Jr., George Armistead & Co. 


1200 18th St., N.W., Washington, D. C. 


MEETINGS 


, Mass., Hotel Kimball, May 16-19,. 


1954, 


Ann Arbor, Mich., Univ. of Mich., Ann Arbor, 
Mich., June 20-25, 1954—Conference on Nuclear 
Engineering. 

TECHNICAL PROGRAM CHAIRMAN: D. L. Katz, 
Chairman, Dept. of Chem. and Met. Eng., Univ. 
of Mich., 2028 E. Eng. Bldg., Ann Arbor, Mich. 


Glenwood Springs, Colo., Hotel Colorado, Sept. 
12-15, 1954. 

TECHNICAL PROGRAM CHAIRMAN: Dr. Charles 
H. Prien, Head, Chem. Div., Denver Res. Inst., 
Univ. of Denver, Denver 10, Colo. 


Annual—New York, N. Y., Statler Hotel, Dec. 
12-15, 1954. 


TECHNICAL PROGRAM CHAIRMAN: G. T. 
Skaperdas, Assoc. Dir., Chem. Eng. Dept., M. W. 
Kellogg Co., 225 Broadway, N. Y. 7, N. Y. 
ASST. CHAIRMAN: N. Morash, Titanium Div., 
National Lead Co., P. O. Box 58, South Amboy, 
N. J. 


Louisville, Ky., Kentucky Hotel, March 20-23, 
1955. 


SYMPOSIA FOR SPRINGFIELD MEETING 
Polymeric Materials of Construction 
Process Design 


Nuclear Engineering 
CHAIRMAN: D. L. Katz, Chairman (Address: 
See Ann Arbor Meeting). 


MEETING—Ann Arbor, Mich. 


Agglomeration 

CHAIRMAN: A. P. Weber, International Engi- 
neering, Inc., 15 Park Row, New York, N. Y. 
MEETING—Glenwood Springs, Colo. 


Uranium Processing and Refining 


CHAIRMAN: R. H. Long, Vitro Eng. Div., Vitro 
Corp., 120 Wall St., New York, N. Y. 


MEETING--Glenwood Springs, Colo. 


Reaction Kinetics 


CHAIRMAN: N. R. Amundson, Dept. of Chem. 
Eng., Univ. of Minnesota, Minneapolis 14, Minn. 


MEETING—New York, N. Y. 


Oil Shale and Shale Oil Processing 
CHAIRMAN: W. |. R. Murphy, Pet. & Oil Shale 
Exp. Station, U. S. Bureau of Mines, P. O. Box 
621, Laramie, Wyoming. 

MEETING—Glenwood Springs, Colo. 
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SYMPOSIA 


TECHNICAL PROGRAM CHAIRMAN: R. M. Reed, 
Tech. Dir., Gas Proc. Div., The Girdlier Corp., 
Louisville 1, Ky. 


Houston, Texas, Shamrock Hotel, May 1-4, 1955. 
TECHNICAL PROGRAM CHAIRMAN: J. L. Frank- 
lin, Res. Assoc., Humble Oil & Refining Co., 
P. O. Box 1111, Baytown, Texas. 


Lake Placid, N. Y., Lake Placid Club, Sept. 25-28, 
1955. 

TECHNICAL PROGRAM CHAIRMAN: L. J. Coul- 
thurst, Chief, Proc. Designer, Foster Wheeler 
Corp., 165 Broadway, New York 6, N. Y. 


Annual—Detroit, Mich.—Statier Hotel, Nov. 
27-30, 1955. 

TECHNICAL PROGRAM CHAIRMAN: T. J. Car- 
ron, Head, Chemical Tech. Office, Ethyl Corp., 
Res. Labs., 1600 West Eight Mile Road, De- 
troit 20, Mich. 


Los Angeles, Calif., March, 1956. 

TECHNICAL PROGRAM CHAIRMAN: T. Weaver, 
Proc. Eng., The Fluor Corp., Ltd., Box 7030, 
East L. A. Station, Los Angeles 22, Calif. 


Gas Absorption 
CHAIRMAN: R. L. Pigford, Div. of Chem. Eng., 
Univ. of Delaware, Newark, Del. 


MEETING—New York, N. Y. 


Solvent Extraction 


CHAIRMAN: Dr. R. B. Beckmann, Dept. Chem. 
Eng., Carnegie Inst. of Tech., Schenley Park, 
Pittsburgh 13, Pa. 


MEETING—New York, N. Y. 


New Processes Utilizing Moving Beds 
CHAIRMAN: N. Morash, Tit. Div., National Lead 
Co., P. O. Box 58, South Amboy, N. J. 
MEETING—New York, New York 


Heat Transfer 


CHAIRMAN: R. L. Pigford, Div. of Chem. Eng., 
Univ. of Delaware, Newark, Del. 


MEETING—Louisville; Ky. 


Nucleation Processes 

CHAIRMAN: D. W. Oakley, Plant Mgr., Metal & 
Thermit Corp., 1 Union St., Carteret, N. J. 
MEETING—Houston, Tex. 


Centrifugation 
CHAIRMAN: J. O. Maloney, Chairman, Dept. 
Chem. Eng., Univ. of Kansas, Lawrence, Kan. 


Extraction of Hydrocarbons for Chemical Use 
from Pipe Line Gases 

CHAIRMAN: E. E. Frye, J. F. Pritchard & Co., 
210 W. 10th, Kansas City 5, Mo. 
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Submitting Papers 

Members and nonmembers of the 
A.LCh.E. who wish to present papers 
at scheduled meetings of the Institute 
should follow the following procedure. 

First, write to the Secretary of the 
A.L.Ch.E., Mr. S. L. Tyler, American 
Institute of Chemical Engineers, 120 
East 41st Street, New York, requesting 
three copies of the form “Proposal to 
Present a Paper Before the American 
Institute of Chemical Engineers.” Com- 
plete these forms and send one copy to 
the Technical Program Chairman of the 
meeting for which the paper is intended. 
one copy to the Assistant Chairman of 
the A.I.Ch.E., Program Committee, ad- 
dress at the top of this page, and one 
copy to the Editor of Chemical Engi- 
neering Progress, Mr. F. J. Van Ant- 
werpen, 120 East 41st Street, New York. 

If you wish to present the paper at 
a particular symposium, one copy of the 
form should go to the Chairman of the 
symposium instead of the Technical Pro- 
gram Chairman of the meeting. 


Before Writing the Paper 


Before beginning to write your paper 
you should obtain from the meeting 
Chairman, or from the office of the Sec- 
retary of the A.I.Ch.E., at 120 East 41st 
St., New York, a copy of the A.I.Ch.E. 
Guide to Authors, and Guide to Speak- 
ers. These cover the essentials required 
for submission of papers to the A.I. 
Ch.E. or its magazines. 


Copies of Manuscript 


Five copies of each manuscript must 
be prepared. For meetings, one should 
be sent to the Chairman of the sym- 
posium, and one to the Technical Pro- 
gram Chairman of the meeting at which 
the symposium is scheduled. If no sym- 
posium is involved, the two copies should 
be sent to the Technical Program Chair- 
man. The other copies should be sent to 
the Editor’s office since manuscripts are 
automatically considered for publication 
in Chemical Engineering Progress, or 
the symposium series of Chemical Engi- 
neering Progress, but presentation at a 
meeting is no guarantee that they will 
be accepted. 


DEADLINE DATES FOR PAPERS 
GLENWOOD SPRINGS MEETING—May 12, 1954 
NEW YORK MEETING—August 12, 1954 
LOUISVILLE MEETING—November 20, 1954 
HOUSTON MEETING—Janvary 1, 1955 
LAKE PLACID MEETING—May 25, 1955 
DETROIT MEETING—July 27, 1955 
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LOCAL SECTION NEWS 


(Terre Haute Section continued ) 


The January speaker was F. R. Car 
vell, head of development at the B. F. 
Goodrich Avon Lake Experimental 
Station. Topic was acrylonitrile, with 
discussions, demonstrations, and sam- 
ples. 

A minor change in local section policy 
was mentioned in Lubin’s communica- 
tion. Previously the section had taken 
student members from Rose Polytech 
nic Institute at a small annual-dues rate. 
The dues for students have now been 
eliminated. Previous relationship be- 
tween the section and Rose Poly remains 
the same. 

The first meeting for 1954 of the Tennessee 
Valley Section was held in Decatur, Feb. 24, at 
which Leighton D. Yates spoke on the history 
and development of fertilizers. Considered an 
expert on fertilizers, Mr. Yates is associated with 
the Tennessee Valley Authority. Raymond M. 
Albert, secretory of the section, reported the 
meeting. 


ONE-DAY MEETINGS 

Boston Ichthyologists—April 14, Hancock 
Holl, M.1.T. 

Philadelphia-Wilmington—April 27, Uni- 
versity of Pennsylvania Museum, Phila- 
delphia 

New Jersey—Moy 11, Essex House, New- 

ork 


Two meetings were held in January by 

the Philadelphia-Wilmington Section. 
The first in Wilmington, attended by 
approximately seventy members, had as 
speaker W. E. Lusby, Jr., sales repre- 
sentative for titanium in the pigments 
department of Du Pont. Dr. Lusby dis- 
cussed the manufacturing of titanium 
sponge, and the future as well as 
current applications, with particular 
reference to use the chemical 
industry. The second meeting held in 
Philadelphia also was attended by sev 
enty members. Francis Winn of Frac- 
tionation Research, Inc., spoke on ap- 
plications of electronic computers to 
chemical engineering problems. W. E 
Osborn, corresponding secretary of the 
section, again kept us informed of the 
activities of his section. 

The second annual one-day meeting 
sponsored jointly by the Philadelphia- 
Wilmington Section of A.L.Ch.E. and 
the University of Pennsylvania will be 
held on April 27, 1954. Details of meet 
ing on page 42. 

The forty-second general meeting of the East 
Tennessee Section was held Feb. 8, at Tennessee 
Eastman Co. Twenty-nine members and six 
guests were present. 

C. F. Paulson, a member of the Special Appli- 
cations Department of the Permutit Co., spoke 
on “Applications of lon Exchange.” Mr. Paulson 
reviewed the basic types of ion-exchange media 


discussing the applicotions and performance of 
each. 


(Continued on next page) 
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PILOT PLANTS 


LABORATORIES 
SCHOOLS 


ONLY 8°-102" LONG, 
7'-6" WIDE, 7'-1" HIGH 


Selective recirculating air flow — up- 
draft, downdraft or cross convection 


Uses warm air, steam, natural gas 
fuel, or electricity 


Two sample trays provided, for very 
small-lot testing 


Main chamber for pole, tray or apron 
drying 


your product Just write us. 


Heve you particularly tough drying 
problem? Let our Drying Research Leb- 
oratory help you determine the one best 
economically practical method for drying 


JUNIOR SIZE 


Fan speeds 180 to 1800 RPM 

Air velocity 0 to plus 1,000 FPM 
Complete instrumentation for con- 
trolling and recording every phase of 
drying cycle 

Once determined, entire process is 


transferred to regular production line 
easily, exactly 


° Modeled on the 
SARGENT—designed Dryer 
used in our own 
Industriel Drying 
Research Laboratory 


DRYERS 


C.G. SONS CORPORATION 
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(East Tennessee Section continued) 


For Your C. E. P. ISSUES ccs tte jor 


e e e Vice-Chairman. ..............Carl Wilson 
A | Secretary-Treasurer....... .M. L. Gernert 
n Improved Rigid Binder 
Toy F. Reid reported the meeting and con- 
cluded with the statement thet a motion was 
carried that the local section boundaries include 
those counties which come within a radius of 
Easy to Use | 60 miles of Kingsport. 

At the Feb. 18 meeting of the Tulsa 
Section, J. E. MeCarthy, district engi- 
neer, Clark Bros., gave a talk on the 
present picture of centrifugal compres- 
sors. Mr. McCarthy has had wide ex- 
Binder retains its shape at cll times. perience in the design and application of 
centrifugal compressors as used in pe- 
troleum refining and natural gas instal- 


Twelve issues fit into one binder. 


Two coil springs mounted horizontally at the top and bottom of the sturdy | |#tions. 
At the first dinner meeting of the year of El 


backbone hold rods that are inserted into the fold of each magazine to tin, 6 


hold it securely. sulting engineer from Tulsa, Okla., talked on fluid 


catalytic cracking. His discussion included the 
variables affecting catalyst flow and coke yield. 
In addition the latest developments in design 
and operation of the Model IV and the Ortho- 
flow Units were described. Approximately fifty 
No drilling, punching, or special binding preparations are needed. pei a iia 


New officers of the Atlanta Section 
are as follows: 


Magazines may be quickly inserted and removed. 


Chairman Frederick Bellinger, 
Georgia Tech Engineering Ex- 

Quickly Identified lice-Chairman—B. B. Crocker, 


Monsanto Chemical Co. 


Secretary - Treasurer — Fred E, 

The name Chemical Engineering Progress, the volume number, and the year Rowe, Tennessee Corp. 
are imprinted in gold on the backbone. Commuter: 3. Jone, 
Tennessee opper ¢ lyde 


Orr, Monsanto Chemical Co.; E. 
Conroy, ‘Tennessee Corp. ; 
Binders are available for all years. Joseph E. Ross, Georgia Tech. 

The honor guest at the installation 
meeting, the first of 1954, was Gustav 
Egloff, director of research, Universal 
Oil Products Co., Chicago, Ill. Dr. 
Egloff was introduced by Dr. Bellinger 
as “Mister Petroleum,” a title popularly 
awarded him in recognition of his out- 
standing achievements in the field of 


Do Not Mislay Valuable Issues! Send for Your Binders Today! petrochemical research. He described 


many products obtained indirectly from 


No Increase in Price —$2.75 


oso — PROGRESS | and toluene, the new synthetic polymer 
' . 41st Street 
plow Vouk 17, teow | fibers, Dynel and Dacron, and plastics 
| such as polyethylene and saran. 
' Gentlemen: | am enclosing my check (money order) for $.__. Please send me. This was one of the best meetings and 
the largest in attendance with sixty- 
binders (u) $2.75 each for the following years (add 3% sales tax for delivery in New York three present, says Reporter H. H. 
: : Gordon Henderson gave an illustrated talk 
— the Feb. 3 meeting of the Detroit Section. Mr. 
’ ' | Henderson has been active as an engineer in 
‘ City: cqustususwecnmseqnennesnanenansnensenseusexsccinemsassantesnesnenenane Zone: a + the Sarnia area since its birth as a chemical 
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the new Sun Oil refinery in Sarnia. Reporter 


D. W. Anderson promised more news for our 


next issue. 

The Twin Cities Section held its first 
meeting of 1954 on Jan. 6, at the Curtis 
Hotel, Minneapolis. Speaker for the 
evening was Archie B. Japs, director of 


chemical engineering research, B. F. | 


Goodrich Rubber Co. Mr. Japs’ talk 
was concerned largely with the facilities 
for chemical engineering research at B. 
F. G. company. He also showed samples 
of some of the newer products in the late 
development — stage. Arthur Madden, 
Jr., a new contributor to these columns, 
sent in this piece of news, 


On Feb. 17, 1954, a meeting of the Rochester 
Section was held at the Rundel Memorial Library 
at which John Espy talked on “Problems of the 
Chemical Industry in Turkey.” 

Mr. Espy taught industrial chemistry at 
Robert College in Istanbul, Turkey, for six years. 
This is the nearest course to chemical engineer- 
ing taught at Robert College. 

William H. Eilinger and O. J. Britton report 
on this section's meetings. 


The Pittsburgh Section held its fifth 


dinner meeting of the 1953-54 year on 
Feb. 3 at the Sheraton Hotel in down- 
town Pittsburgh. The meeting was at- 
tended by approximately seventy local 
engineers and friends. The guest 
speaker of the evening, A. Letcher 
Jones, research supervisor of the Chemi- 
cal and Physical Research Division, 
Standard Oil Company of Ohio, gave a 
talk entitled “Thermal Diffusion.” Dr. 
Jones outlined the problems encountered 
in the thermal diffusion process, imclud- 
ing the close tolerances needed in the 
design of the apparatus. He presented 
several binary and ternary solutions 
which have been separated by his labor- 
atory’s thermal diffusion apparatus. 
Among others, the speaker presented 
graphically the degree of separation 
brought about between solutions of 
ortho and para, and ortho and meta 
xylene. Messrs. Morrissey and Black, 
reporting the meeting, remarked that 
Dr. Jones concluded with a few observa 
tions on the costs involved in thermal 
diffusion. 


At ao recent meeting of Chicago Section held 
in Builders Club in downtown Chicago, 150 
members and guests heard a discussion on 
crystallization by Hans Svanoe of Struthers- 
Wells Corp. The talk was illustrated with slides 
showing the effect of impurities and conditions 


on crystal structure. 


The Northeastern New York Section 
held its monthly meeting in Schenectady 
on Feb. 9, 1954. Bryce MacDonald, 
chairman of the section’s R.P.I. plan, 
reported that eleven lectures are sche 
duled for this semester. The lectures 
began Feb. 22 and will continue on Mon- 
day afternoons in the Rickets Building 
at Rensselaer Polytechnic Institute, 
Troy. 


Vol. 50, No. 3 


PACIFIC-WESTERN 


Drives.. 
Built for years 
of economical, 


heavy-duty service! 


Eleven double reduction Pacific- 
estern vertical agitator drives with 
73 HP motors occupy minimum floor 
area in installation with capacity of 
450 toms of bleached pulp per day. 
Available in single, double and triple units 
Write for Booklet No. $308 
Address your request to nearest 
Pacific-Western office 


Complete Engineering Service Available... 


| 
| 


Pacific-W estern TV -64, vertical 
triple reduction drive 


Check these outstanding features... 


Vertical electric drive saves space... 

© Full range of ratios, from 12 to 1 
through 300 co | with DV or 
TV units 

®@ Low speed shafts equipped with heavy 
duty tapered roller bearings eliminate 
need for separate thrust bearings... 


© Lubricating systems especially designed 


to meet every application 
®@ Scavenging pump systems eliminate all 


sibility of oil leakage around 
ow shaft 


© Modern vertical drives are considerably 


less expensive than old style 


right-angle drives 

© Simple, compact design and 
construction reduces installation 
and maintenance cost... 


Write, Wire or Phone 
WESTERN GEAR WORKS 


417 Ninth Ave., So., 
Seattle, Washington 
. Main 0062 


HAS THE ANSWERS 
—Whatever Your Filtration 


Problems May Be... 


During a half century of 
designing filter presses for 
America’s manufacturing 
companies, Sperry has solved 
nearly every known type of 
industrial filtration problem 
Sperry Filter Presses are flex- 
ible in size and design . . 
j_ ther, is a complete range of 
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filter bases . . . and a choice 
of six different closing de- 
vices. 

Send for the Sperry Filter 
Press catalog and you'll see 
why Sperry can solve your 
filtration problems efficient- 
ly and economically. 


D. R. SPERRY & CO. 


BATAVIA, ILLINOIS 
FILTRATION ENGINEERS FOR MORE 
THAN 60 YEARS 
Eastern Sales Representative: 


GEORGE S. TARBOX 
808 Nepperhan Avenue, 


Yonkers 3, N. Y. Yonkers 5-8400 


Western Sales Representative: 
8. M. PILHASHY 
833 Merchants Exchange Bidg. 
Son Francisco 4, California 
DO 2-0375 
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There's a 


sible cost. 


“AC” Ring Mill with patent- 
ed Shredder Rings—to 500 
TPH 


Custom -Built AMERICAN CRUSHER 


From small laboratory mills to high tonnage mills, 
American Crushers—with builf-to-the-job efficiency 
—ore famous for long-time service at lowest por- 


WRITE FOR LITERATURE 
ON THE COMPLETE 
AMERICAN LINE 


“30 Series” Hammermill 
—to 100 TPH 


“24 Series” Ring or Ham- 
mer Crushers to 50 TPH 


“KC” Plastics Grinder— 
to 450 Ibs. per hour 


PULVERIZER COMPANY 


1215 Macklind Ave., 
St. Lovis 10, Mo. 


for 
Vv Corrosive 
V Abrasive 
Viscous 


Delicate 


Vv Hazardous 
Materials 


T. SHRIVER & 


Filter Presses 


IF IT’S TOUGH TO PUMP... 


You need a 


DIAPHRAGM 


V Thick Heavy 


Bulletin 137 tells why. 


Bitter Media... 


POINTS TO REMEMBER 


Mini 


@ No contact between 
fluid handled and me- 
chanical parts of pump. 


cost. 

@ Parts contacting fluid 
made of ony metal, rub- 
ber or synthetic resin 
lined. 

@ Ample pressure; wide 
capacity range. 


@ No packings, hence no 
leakage. 


@ Easy to inspect and 
clean. 


CO., Inc. $12 Hamilton St. - Harrison, N. J. 
Diaphragm Pumps 
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H. L. Barnebey, president of the 
Chemical Processes Co., Pittsburgh, Pa., 
talked on “How Chemical Plants Are 
Born.” He described some steps 
by which chemical plants come into ex- 
istence. A. C. Schafer, Jr., reports that 
the talk “struck a responsive chord in 
the minds of all those present.” 


“Product and Processing Improvements in the 
Fiberglas Industry” was discussed by Clayion A. 
Smucker, technical personnel manager, Owens- 
Corning Fiberglas Corp., Newark, Ohio, at o 
dinner meeting of the Central Ohio Section held 
at the Faculty Club, Ohio State University, on 
Feb. 23. George F. Sachsel, reporting the meet- 
ing, said that a previously scheduled address by 
Sherwood Fawcett, chief of engineering me- 
chanics research, who was to have discussed 
“Engineering Problems in the Design of Nuclear 
Power Reactors,” had to be postponed to a later 
date. 

It was announced at the Feb. 18 meet- 
ing of the Rhode Island Section that 
Dr. Kinckiner, deputy director of the 
Engineering Research Laboratory of 
Du Pont Co., will be the speaker at the 
March meeting, and that C. G. Kirk- 
bride, President of A.I.Ch.E., will attend 
the April meeting. 

Roy G. Volkman, chief chemist of 
the Mechanical Goods Division of U. S. 
Rubber Co., Providence Division, gave 
a talk titled “Quality Control at U. S. 
Rubber Company.” Reporter Morton 
Port said it was a thorough explanation 
of the use of statistical methods for con- 
trolling the quality of various items of 
manufacture. 

The chairman noted that attempts to 
obtain a speaker on Atomic Energy were 
not successful mainly due to the neces- 
sity of security clearances. 

Belated congratulations 
comer, the R. |. Section! 


CHEMICAL PROGRESS TOLD 
TO ENLISTED ENGINEERS 
A recent meeting of the Enlisted 

Specialists Chemical Engineering Club 

of the Army Chemical Center, Md., 

featured a_ lecture-demonstration by 

Louis P. Shannon of the Du Pont Co., 

titled “Progress in Better Living.” Mr. 

Shannon documented the story of Amer- 

ican progress by exhibiting develop- 

ments resulting from chemical research 
and explained how their production 
strengthened the national economy. Mr. 

Shannon also displayed some chemical 

developments which are still in the plan- 

ning and experimentation stage and 1 

pointed out that research and develop- 

ment are vita! to the growth of all types 

of American industry. 

The Enlisted Specialists Club is com- 

prised of inductees assigned to this post 

under the Army’s Scientific and Pro- 

fessional Personnel program. These 

“soldier-scientists” are given the oppor- 

tunity and encouraged to continue their 

professional careers. H.R.G. 


to a new- 
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PEOPLE 


Frank R. Ward, formerly associated 
with Monsanto Chemical Co., DuPont 
Co., and the Amer- 
ican Cyanamid Co., 
is now with the 
atomic power divi- 

Westing- 

Electric 
Pittsburgh, 
project 


sion of 
house 
Corp., 
Pa., as a 
coordinator in the 

reactor and mater- 

ials department. 

Since 1949 he has 

been on the staff of the division of re- 
actor development, Atomic Energy 
Commission, Washington, D. C. 


FURNAS, CHAIRMAN OF 
NEW AERONAUTICS PANEL 


C. C. Furnas, director of Cornell 
Aeronautical Laboratory, Inc., Buffalo, 
N. Y., has been appointed chairman of 
the recently formed Technical Advisory 
Panel on Aeronautics of the Department 
of Defense. He was formerly chairman 
of the Guided Missiles Committee of 
the Research and Development Board 
of the Department of Defense, which 
was replaced last year when an office of 
Assistant Secretary for Defense for Re- 
search and Development was estab- 
lished. The present Panel, composed of 
civilian scientists and experts, was 
formed to insure that the country’s best 
technical talent is applied to planning 
and carrying out military research and 
development in aeronautics. At one time 
Dr. Furnas was also a member of the 
Committee for Aeronautics of Research 
and Development Board. 

Dr. Furnas was a 
A.1.Ch.E. (1945-47). 


Lauren B. Hitchcock, who has 
been engaged for the past year in con- 
sulting practice in 

New York and was 

formerly president 

of the National 

Dairy Research 

Laboratories, Inc., 

has been named 

president of the 

Southern Califor- 

nia Air Pollution 

Foundation. Aim- 

ing to find the 

cause of smog and the best way to 
eliminate it, the Foundation selected a 
man experienced in research and devel- 
opment. Dr. Hitchcock served the In- 
dustrial Research Institute, Inc., New 
York, and for five years was vice-presi- 
dent in charge of the chemicals depart- 
ment in the development of furan 
chemicals. He was also associated with 


Director of 
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Hooker Electrochemical Co., Niagara 
Falls, N. Y., and was given chemical 
research assignments while in the U. 5 
Army, Dr. Hitchcock was one of th 
founders of the Commercial Chemical 


Development Association. 


Shea Smith, III, director of business 
research, Merrimac division, Monsanto 
Chemical Co., was recently appointed 
assistant director of marketing r search 
for the company. Prior to his asso- 
ciation with Monsanto, he 
the Arthur D. Little Co., Cambridge, 
Mass. He received his B.S. degree im 
chemical engineering at the University 
of Wisconsin in 1938 and his M.B.A. 
degree in 1941 from Harvard Business 


was with 


School. 
The 
Hackett to the 
development, Solvay Process Division, 
Syracuse, N. Y., Allied Chemical & Dye 
Corp., recently was announced, A grad- 
uate of the Colorado School of Mines, 
Mr. Hackett has been with Solvay since 
1923. Starting as an engineer he subse- 
quently advanced to the positions of 
section supervisor, assistant chief engi- 
neer, chief engineer and assistant direc- 
tor of development. In his new post he 
heads engineering, research and con- 
struction departments of Solvay. 


Cortez P. 


appointment of 
director of 


post of 


The appointment of George Sarvadi, 
Jr., as design and development engineer 
at Falls Industries, 
Inc., Cleveland, 
Ohio, has recently 
been announced. 
Prior to joining 
Falls Industries, 
he was asso 
ciated with The 
Harshaw Chemical 
Co, as development 
engineer. He re 
ceived his B.S. de- 
gree in chemical engineering from I] 
linois Institute of Technology and his 
M.S. degree in chemical engineering 
from Case Institute of Technology. Dur 
ing World War II he attended Columbia 
University under a Naval education pro 
gram, after which he served a year at 
sea as a Midshipman. 


Christian J. Matthew, according to 
an announcement by Earl P. Stevenson, 
president of Arthur D., Little, Inc., will 
be one of those in charge as an associate 
of its newly opened Western regional 
office in San Francisco. Mr. Matthew 
graduated from the Massachusetts Insti 
tute of Technology in chemical engi 
neering in 1942. Since graduation he 
has been on the A. D. Little staff, where 
he has been active on projects involving 
both scientific and economic studies. 
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KILLS FOAM IN 


2630 Ibs. 


of fermenting wine 


moil coupon TODAY for 
free sample 


Dow Corning Corporation 
Midland, Mich., Dept. CS-15 
Please send me dota and o free sample of 
() Dow Corning Antifoam A 
or [) Dow Corning Antifoom AF Emulsion 
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of asphalt or 

ee: 10 tons of alkyd resin 

1474 lbs. 

| of soap tallow 

| of metal; bs, 

now wasted on foam; 

x. DOW CORNING ANTIFOAM AF EMULSION 

New water dispersible emulsion of 
Antifoam A is equally versatile, 
effective in the industrial 

— 
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It will guard your investment with its life. * ay Malcolm M. Coston, district chemi- 
: cal engineer for twelve years at Phila- 
delphia and other points for the Swenson 
abusive service, such as pumping highly abrasive : Evaporator division of the W kiting 

f y Corp., is now manager of the process 


Outlasting ordinary pumps many times, NAcLe 
Pumps are designed and constructed to withstand 


mixtures, corrosive liquids, hot solutions or equipment division of Rodney Hunt 
heavy slurries. Horizontal and vertical shaft types Machine Co., Orange, Mass. He will be 
responsible for the sales and develop- 
ment of Turba-Film Evaporator and the 
Type “SW-O” shown, is directly submerged in Rodney Hunt-Lawa Spray Dryer. He is 
material to be pumped. Free of packing and a graduate of Alfred University and the 
University of Michigan with B.S., Ch.E. 
and M.S.Ch.E. degrees. 


in complete range of sizes. 


bearing troubles. Rendering outstanding serv- 
ice in important processing plants, mines and , 
mills. Get the facts—ask for Bulletin SWO. W. M. Trigg has been named man- 
iger of Westinghouse Electric Corp.’s 


NAGLE PUMP S, Inc, new metals development pont which 
1255 CENTER AVE., CHICAGO HEIGHTS, ILL will be built at Blairsville, Pa. Mr. 
l'rigg received his B.S. degree in chem- 

f : ical engineering from the University of 

= Se} Pittsburgh in 1936 and served with the 

Carnegie-Illinois Steel Corp. in a re- 


ee AND CORROSIVE APPLICATIONS search capacity until 1946, when he 
oe joined Westinghouse at East Pitts burgh 


as senior engineer in materials engineer- 
ing department. He was — a man- 


sntly, 


of magnetics and insulation 
yh | and, in 1952, manager of the materials 


| pilot manufacturing department. 


7 a ‘@) N D E DEN S E R S | Nuodex Products Co., Inec., has re- 


cently announced the appointment 
John Kilcullen as 
manager of its 


VACUt Hydrogen Peroxide Elizabeth N. J 
Q U | PM E N Fuming HNO, Molten Na or K a 


Caustic Cl. 
4 chiet process engi- 

neer, Mr. Kilcullen 

OR IS IT manageable been with the 
company for the 


Water Air Gasoline, etc. past seven years. 


MMC offers permanent filter media en- a He graduated from 
gineered for optimum efficiency in hand- y Ursinus College 
ling countless exposure conditions, some with a B.S. degree 
of which ere mentioned ebove. in chemistry in 1943, and has done 
For further information request Bulletin 11F graduate work in chemical engineering 
at Newark College of Engineering. 
During World War II he was a Lieu- 


Micro Metallic Corporation tenant (JG) in the Amphibious Corps. 


36-5 Sea Cliff Ave. Glen Cove, N. Y. 


Another filtration engineering service of 


Daniel Fried is now technical super- 
_visor of the Jersey City division of 
| Peter J. Schweitzer, Inc. A graduate of 

the University of Rochester with a B.S 
hy . degree in chemical engineering, Mr. 

73 POND STREET Fried was formerly employed by the 
WALTHAM, MAS s. “ Vitro Corporation of America. 
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CHANGES ANNOUNCED 


AT AMERICAN CYANAMID | A be T | Ss A N 


Kenneth H. Klipstein, formerly | 
assistant general manager and head of 
Pilot Plants and Processing Equipment 
partment of Calco 
Chemical Division, 
has been appointed 
general manager of 
the newly created 
research division of 


Artisan is an outstanding source for 
your Pilot Plant and Special Continu- 
ous or Batch Complete Processing 
Unit. 


Chemical engineers and mechanical 
engineers combine their experience 
with skilled shop men to develop and 
manufacture excellent mechanical and 
chemical processing equipment. Our 
chemical engineers design complete 


American Cyana- 
mid Co. This divi 
sion will be respon 


sible for the opera- 
tion of the Stam- 


ford Research Lab K. H. Klipstein plants and individual stills, evaporators, 
' oratories and will condensers, reactors, piping and tanks. 
also supervise other research and devel- Our mechanical engineers develop spe- 
opment programs. Mr. Klipstein re- cial conveyors, solids handling devices, 
ceived his M.S. de- vacuum closures and special mechani- 


cal processing units. 


Their combined experience and skills 
go into the completed equipment. 


gree in chemistry 


from Princeton. 


A. R. Loosli is 
now assistant gen 
eral manager of 
the newly formed 
fine chemicals divi- 
sion. This division 


Telephone or write for an engineer to call—-We have 
Engineering Representatives throughout the United States. 


ARTISAN METAL PRODUCTS INC. 


Engineers and Fabricators 
Telephone: 
Waltham 5-6800 73 Pond St., Waltham 54, Massachusetts 


will operate the 
Princeton, N. J., 
plant (recently A. R. Loosli 
purchased from 

Heyden Chemical Co.) and will handle 
domestic sales of bulk antibiotics, 
bulk pharmaceuti- 
cals. Mr. Looslie 


attended the Uni : 
HYDROCARBON 


versity of Idaho 
-] 
 PANAFLEX | see EP 


PLASTICIZERS 
Low Specific Gravity Dark Viscous Liquid 
Extremely High Boiling 


and obtained his 


B.S. degree in 
physical sciences 
from the Univer 
sity of Chicago 


A. B. Hettrick was 
assigned to the new 


division 
A. B. Hetrick FOR 
Improved Electrical 


as assistant general Improved Processing 
manager, The divi- } A LOW COST Minimum Effect on Cure Characteristics 
sion will handle the production and sale Extending Vulcanizaces Better Tear Resimance 
titanium dioxide and other pigment: 

« in n e and pigments EXce COMPA Ty 


Sormenty PLASTICIZER GRS Rubbers- All Types Buns N Type 
Neoprene Rubber Rubbers 


by the Calco Chem- 
AVAILABILITY 
OIL Basic Producer Tank Car or Drums 


ical Division. Be 
fos Kubler Compounding 


staff matters and to 


PAN AMERI 
assist in the deter R. C. Swain aa 


DIVISION 
‘ ) “oO < olicy. N E AN 
mination of company policy | Pan Amernan Refining Corp 


122 EAST 42mm STREET WEW voRR 17, 


cause of this new 
division R. C. 
Swain, vice-presi 
dent in charge of 


research and de- 
velopment, will be 
able to devote full 
time to general 


(More News About People on page 81) 
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CLASSIFIED SECTION SITUATIONS WANTED 


A.1.Ch.E. Members 
SITUATIONS OPEN CHEMI pqumen—raer 10N MAN- 


CAL 
Address Replies to Box Number Core of CHEMICAL ENGINEERING PROGRESS at gg we i 
oon 1, plant; chief engineer of 
sight plant organization; assistant to vice 
SALES REPRESENTATIVES WANTED — To president in charge of production. Seeking 
handle proportioning chemical feed pumps. responsible position in production, manage- 


Department of Chemical Engi- Precise, reinforced-diaphragm type pumps ment or plant engineering. Box 2-3 


of non-corrodible materials. Used for ac- 
neering and Applied Chemistry curate pumping of water conditioning PROJECT ENGINEER—P.E. Presently con- 

chemicals, also metering of various solu- eultent in plant layout end eauipment de- 
tions in process industries. Substantiai dis- sign. Available cn 
UNIVERSITY OF TORONTO arrangement to firm requiring engineer for project man- 

agement or assistance in obtaining new 
work. New York area preferred. Box 3-3. 


There are openings on the staff for a 
person who by training or experience CHEMICAL ENGINEER ~Established Phila- 
could be described as a biochemical delphia company requires sales engineer CHEMICAL ENGINEER — MANAGEMENT — 
engineer, and also for an inorganic a ne experience in designing acid- Cornell 1943, Alexander Hamilton Institute. 
chemist. In both cases undergraduate nin construction, floors, tanks, ducts, One employer affiliation since graduation; 
teach Id t 1 inings and protective coatings. Excellent assistant to president, manager research 
eaching would be expected, and re- opportunity for capable man. Please sub- , ~ 
and development department, sales engi- 
search interests suitable for a depart- mit complete résumé. Box 10-3. neer, petroleum refiner enaineer ilot- 
ment of chemical engineering and ap- plant supervisor in redit 
plied chemistry would be highly manager and chemical operator prior to 
desirable. Address inquiries to R. R. raduation. Present salary $12,400. Age 
tion with chemical or petrochemical manu- 
C.E. P. Classified Sec- facturer. Line or staff work in manufactur- 
‘ ing, operations planning or economics. 
GRADUATE CHEMICAL ENGINEERS T tion 1s the answer to 
work in responsible positions in 2 Id f CHEMICAL ENGINEER — B.S.Ch.E. 1948. 
nance or production departments of a fast age-o question O Age Five proc- 
growing plastics company. Men with up ° ess design, piping, methods and planning, 
to five years’ experience and with intelli of 2 plant start-up, field construction. Desire 
gence, imagination and aggressiveness will where to gel the be st In 
find a fine opportunity for rapid growth mg Nerd. me to trave 
and advancement. Desirable living and chemical engineers, CHEMICAL ENGINEER M.ChE. Twelve 
complete résumé to Box 5-3. 
petroleum refinery equipment, catalytic 
cracking processes, oxygen plant develop 
ment, ammonia synthesis. Age 31; four- 
teen publications. Desire responsible po- 
sition in research administration or man 
agement. Box 


A GREAT NEW OPPORTUNITY FOR ACTIVE | 
J Experienced in technical and economic 


evaluations, process development and im- 
provement, pilot plant and laboratory 


’ | supervision. Active member A.LCh.E. De- 
z sire challenging position. Eastern seaboard. 
Box 6-3. 
EXECUTIVE CHEMICAL ENGINEER — Li- 
A long-established nationally known Eastern fabricator of censed, employed. Twenty years: adminie- 


tration, research, development, planning, 


economic evaluations. Commercial proc- 

HEAT EXCHANGE EQUIPMENT esses: petrochemicals, inorganics; patents; 

publications. Can make major contribu- 

i tions your technical 
rev gen pen- growth. etainer basis or possibly as full- 

snow amping its entire & cy set-up, ° time employee. Box 9-3, Chemical Engi- 


ing up unlimited opportunities for substantial neering Progress. 


earnings in the sale of its products to chemical CHEMICAL ENGINEER—BS. 1952. Age 24, 
process industries, industrial plants and public married. | Will ib svallable in May after 

release rom the rmy. ome experience 
utilities, in the following key markets: in the production of smokeless powder. 
Desire position in process development or 


Alabama Washington production. Prefer West Coast or Western 
Arkansas location. Box 12-3. 


Florida Charlestown, W. Va. FERTILIZER — Chemical engineer well 
Georgia Dallas, Texas grounded in fertilizer technology and ex- 


Indiana Detroit, Mich. perienced in production of granular fer- 
. tilizers. Desire position in management or 


Kansas New York (Western) 
nical director of fertilizer company. 

Kentucky Pittsburgh, Pa. Will consider technical service or sales, 

Box 13-3. 

If interested, please give full details in your first letter on specific INDUSTRIAL WASTES ENGINEER Age 36, 


territory wanted, type and manufacturer of allied equipment now 
being handled, and size of your organization. Replies held in posal field, last eight in industry. Research 
strictest confidence. Write care of this publication, Box No. 11-3. 


position with future. Box 14-3. 


PLANT MANAGER — Chemical’ engineer, 
qualified by twenty to 
direct production and allied activities in 

DIRECTIONS FOR USE OF CLASSIFIED SECTION processing company including engineering, 
personnel, safety, manufactucing, and 

Advertisements in the Classified Section of Chemical Engineering Progress are payable in quality control. Good at cost reduction 

advance at I5ce a word, with a minimum of four lines accepted Box number counts as two programs. Three patents granted. M.I.T. 

words. Advertisements average about six words a line. Members of the American Institute graduate. Age 43. Box 15-3. 

of Chemical Engineers in good standing are allowed one six-line Situation Wanted insertion ——- = - — - 

(about 36 words) free of charge a year. More than one insertion to members will be CHEMICAL ENGINEER — Age 27, M.S., 

made at half rates. In using the Classified Section of Chemical Engineering Progress it is M.L.T. Desire position abroad or with 

ogress by prospective employers and employees that all communications will be acknowl- travel in production-development or tech- 
edged, and the service is made available on that condition. Boxed advertisements are available nical sales. Over two years’ experience in 
at $15 a column inch. Size of type may be specified by advertiser. In answering advertisements first, two in second. Have traveled ex- 
all box numbers should be addressed care at Chamieal Engineering Progress, Classified Section, tensively. Know perfectly French, Spanish; 
120 East 4!et Street, New York 17, N. Y. Telephone ORegon 9-1560. Advertisements for this also Portuguese, Italian, Dutch, German. 
section should be in the editorial offices the |5th of the month preceding publication. Box -3. 
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The appointment of William F. 
Scanlan as chemical sales engineer for 
the Swenson Divi- 
sion, Whiting 
Corp., at Ardmore, 

Pa. Was re 

cently ann 

After graduation 

in 1945 from Pur- 

due University, he 

joined 
Evaporator Co., di- 
vision of Whiting. 
and after several 
years’ experience 
and operating 
chemical 


Swenson | 
on engineering, sales, 


both the 
pulp cle partments, 


assignments im 
paper 
assigned to the 
district office 


David M. Williamson is now 
manager of industrial 
Baldwin-Hili Co., Huntington,  Ind., 
manufacturers of thermal insulation. 
Mr. Williamson has been with the com 
pany as district manager for over six 
years prior to his affiliation with 
this company he was production man- 
ager, Western Monsanto 
Chemical Co. 

J. S. Rearick has joined The C. W. 
Nofsinger Co., engineers & contractors 
of Kansas City, Mo. as manager of 
engineering. Previously he was with 
The M. W. Kellogg Co. for more than 
sixteen years as associate director of re- 


and 


he was Hiouston, Texas, 


a> chemical sales enyinecrT. 


area 


sales for the 


and 


division, 


search, development engineer and divi- 
sion engineer. Ile was closely associated 
with the development of hydroforming, 
fluid cracking, and various 


other petroleum and chemical processes. 


catalytic 


Charles 
General Motors Corp., 


T. Cross, previously with 
Detroit, Mich., is 


now with the patent 
Diamond Alkali Co., Painesville, 
as a patent attorney. 

Atlas Powder Co. recently 
that James B. Weaver has been 
to the firm’s planning department. Mr. 
Weaver was techno-economist and staff 
section chief in research for Olin Indus- 
tries, Inc., for the past four years. Prior 
to that he assistant to the director 
of research and development for God- 
Cabot, Inc., 
Massachusetts 


Ohio, 


announced 


added 


was 


and a_ teaching 
Institute of 


frey 
assistant at 
Technology. 

N. B. Galluzzo is presently 
ciated with Monsanto-Boussois, S. A., 
in the capacity of plant director, a posi- 


tion corresponding to plant manager. 
This is an associated company of Mon- 
santo formed for the 
polystyrene plastics in 
to this association he held various super- 


manufacture of 
France, Prior 
visory in the operating de- 
partments ot 
pany’s plastics division plant at Spring- 
field, Mass. In 1952 he was in Europe 
for several 
startup team to 
plant in Italy. 

Howard Louis, project 
chemist in the technical division, Amet 
ican now technical 
adviser to the acid department at the 
Marcus Hook, Va., plant. This depart 
ment is responsible the preparation 
and distribution of the acid bath 
used in the rayon process, re 
clamation of spent acid, and disposal of 
waste acid. Mr. Louis received his 
B.Ch.F. degree from The Cooper Union 
School of Engineering, and is doing 
graduate work at Drexel Institute of 
Technology. 


assignments 
Monsanto Chemical Com- 


months as a member of a 


commission a plastics 


formerly 


Viscose Corp., is 


tow 
spin 


Viscose 


CHEMICAL ENGINEER BS 
ander Hamilton Institute 
trol and research in fats and oils, 1!', in 
resin and rubber abrasive products de 
velopment. Desire challenging opportunity 
in products development and evaluation. 
Married, one child. Salary $7,000. Box 17-3 


CHEMICAL ENGINEER--Ph.D Age 37. 
Fifteen years’ experience industrial re 
search, process development, organic and 
inorganic in several fields. Interested in 
coordination of research, laboratory or 
group head, technical service, or company 
liaison activity. Box 16-3 


ENGINEER BUSINESS ADMINISTRATION 
BS chemical engineering 1949, Master's 
degree in business administration 1954. 
Development and plant engineering, three 

product-cost estimating, two years. 
will travel. Desire market re- 

technical economics. Box 19-3. 


1946, Alex 


Five years con 


vears 
Personable 
search or 


CHEMICAL ENGINEER 
26, veteran, married 
ward M.Ch.E. Three 
cludes pilot plant 
process evaluations, 
challenging position 
politan area preferred 


MAN WITH EXECUTIVE ABILITIES—Secks 
challenging position with opportunity to 
prove his worth. This 33 year old chemical 
engineer (with Ph.D.) has had administra 
tive, industrial, research and teaching ex 
perience. Box 21.3 


BChE. 1951. Age 
Graduate work tc- 
years’ experience in- 
design and operation, 
cost estimating. Desire 
with future Metro 
Box 20.3 
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PLANT SUPERINTENDENT 
Family, age 31 Ten years of 
management including operating 
ance, engineering, safety, personnel, and 
labor relations. Fully responsible for the 
operation and maintenance of boilers, en- 
gines, chemical retrigeration 
equipment, purchasing authorization 
of contractors Capable o successfully 
handling increased responsibilities. North- 
eastern area Available March. Box 24-3, 


B.S.Ch.E 
production 
mainten- 


processes 
and 


Nonmembers 


department of | 


CHEMICAL 
1950, PL 


process 


ENGINEER K 
Age 32, married 
devel 


A S« (honors) 
veteran. Four 

control and 
products, lacquer 
recovery Desire 
in develop 


years ment, 


supervision in cellulose 
and solvent 
position preferably 


Box 22.3 


formulation 
responsible 
ment or control 


SALES ENGINEERING OR TECHNICAL 
SERVICE—BSChE. Carnegie Tech. MS 
industrial management University of 
burgh. Seven years management and 

duction experience in and non 
ferrous metals Desire with 
manufacturer's representative or similar 


Box 23.3 


Pitts 

pro 
chemicals 
association 
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INDUSTRIAL 
EQUIPMENT 


DUST and FUME 
CONTROL EQUIPMENT 


Completely automatic 
Centri-Merge units are 
designed and engi- 
neered to your specific 
requirements, to main- 
tain the cleanest dust- 
and fume-free working conditions. 
Compact, self-contained equipment 
occupies a minimum of valuable 
floor space, saves on upkeep. 


Designed, built and 
installed to syn- 
chronize with your 
production line. No 
fire hazard with a 
overspray carried 
away in a whirling tornado of 
water. Safe, clean, efficient, eco- 
nomical; adapted to any conveyor 
equipment, overhead or floor. 


Schmieg MECHANICAL 


WASHERS 


Centri-Merge is first 

step and first choice 

of plant engineers 

for high production 

cleaning, long 

trouble-free service 
at low operating cost. Convenient 
manval or automatic types for any 
finishing application. 


Safeguard your 

product quality with 

Schmieg drying and 

baking-ovens. Every 

operating essential 

carefully designed and engineered 

to give you the very best finishing 

job. Any size, shape or type of 

oven, conveyor or box, for any 
installation arrengement. 


Consult Schmieg Engineers Today 


RIES nc. 


MICHIGAN 


BOX 4701 «+ DETROIT 34 


tn PLANT ENGINEERS PREFER 
pared 
4 
spray 
} 
| 
- 
| 
| 
‘ 
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hal i 
THE NEW 


PYRO 


Surface 


The NEW PYRO Sur- 
face Pyrometer has 
been designed to meet 
all plant and labora- 
tory surface and sub- 
surface temperature 
measurements. Has 
large selection of ther- 
mocouples and exten- 
sion arms—ali inter- 
changeable without 


adjustment. Quick act- 

Pyrometer ing, accurate, light- 
weight and rugged. It 

e features a large 4°,” 

direct reading scale, 

automatic cold end 

PYROMETER junction compensato: 
INSTRUMENT and a shielded  stect 
housing—all com 

COMPANY bined to offer the 
highest precision, ac 

Bergenfield 38, curacy, dependability 


and durability. Avail 
able in five standard 
temperature ranges 
from 0-300°F. to 
0-1200° 


New Jersey 


Literature also avail- 
able FREE on PYRO 


Optical, Indicating, Ach for Oatalen 
Radiation and Iim- No. 168 for full 
mersion Pyrometers. details 


PLATE FABRICATION 


CHROME IRON ALLOYS © CARBON STEEL 
CHROME NICKEL © SILICON BRONZES 
MONEL © ALUMINUM 


NICKEL CLAD STEEL © ETC. 


Towers, Pressure Vessels and General Plate 
Fabrication manufactured with trained per- 
sonnel and up-to-date equipment. Our Engineers 
will assist in designing to meet your require- 
ments. 
Good Design — Right Material — 
Expert Workmanship at a Fair Price. 


HEAT EXCHANGERS A SPECIALTY 


Fabricators and Designers for More 
Than 30 Years 


Write us, today, for helpful literature. 


DOWNINGTOWN IRON WORKS, INC. 
‘DOWNINGTOWN, PA. 


STEEL & ALLOY PLATE FABRICATION 


HEAT EXCHANGERS 


Division of Pressed Steel Tank Co., 
Milwaukee, Wis. 
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The appointment of Robert L. Par- 
rish as the plant of 
the Sprague Electric Co., now under 
construction at West Jefferson, N. C., 
has been announced. Mr. Parrish, who 
has been associated with the main plants 
of the company at North Adams, was 
formerly senior chemical engineer with 


manager of new 


Abbott Laboratories, North Chicago 
Il. He graduated from Georgia Insti- 
tute of Technology and received his 


master’s degree in chemical engineering 
from the University of Tennessee. 


Raymond B. Seymour, executive 
vice-president and a member of the 
board of directors 


of the Atlas Min- 
Products Co., 
Mertztown, Pa., 
1949, has 
appointed 

The 
originator of furan 
cements and other 
products of the 
Atlas line, Dr. Sey- 
the 


eral 


since 
been 
president. 


mour becomes 
third president of this firm. 

At one time Dr. Seymour was a re- 
search group leader at Monsanto Chem- 
ical Co., a director the Industrial 
Research Institute of the University of 
Chattanooga, and director of special 
products research, Johnson & Johnson. 
He has also been associated with Good- 
year Tire & Rubber Co. as a plastics 
research chemist. 

Dr. Seymour was chairman of the 
committee chosen by the American 
Electro-Chemical Society to write a 
supplement to the “Corrosion Hand- 
book” on plastics and was co-compiler 
of the Plastics Equipment Reference 
Sheet, which appeared in many issues of 

The new assistant sales manager of 
the Brosites Machine Co., Inc., and 
Brosites Products Corp., New York, is 
Clarence E. Avery, Jr. Mr. Avery 
was previously with Patterson Foundry 
and Machine Co., and just recently with 
The Pfaudler Co. as sales engineer in 
the New York office. Mr. Avery is a 
graduate of the New York University 
Graduate School of Business Admin- 
istration, and has a chemical engineering 
degree from University of Rochester. 

Howard F. Roderick, formerly di- 
rector of sales for Michigan Alkali 


of 


Chemical Engineering Progress 


Division, Wyandotte Chemicals Corp., 
and recently elected a vice-president of 
International Minerals & Chemical 
Corp., Chicago, Ill, will head the new 
Phosphate Chemicals Division of that 
company. Mr. Roderick joined Wyan- 
dotte Chemicals in 1931, after graduat- 
ing from the University of Michigan. 
With that company he has been, suc- 
cessively, a chemist, director of re- 
search, director of research and market 
research, manager of chlorine and cal- 
cium manager of 
chlorine, calcium carbonate and organic 
chemicals, and director of sales. 


carbonate — sales, 


Martin Buck, formerly manager of 
manufacturing has been 
appointed assistant to the vice-president 
in charge of manufacturing, Shell 
Chemical Corp., New York. He joined 
the company as a chemical engineer at 
Wood River in 1930 and has also served 
at St. Louis and San Francisco. 


engineering, 


Necrology 


C. L. PARSONS 

Charles Lathrop Parsons, a prominent 
figure in the chemical field for the past 
half-century, died in Pocasset, Mass., 
Feb, 13. He was 86 years old. 

Secretary of the American Chemical 
Society from 1907 to 1945, and one of 
the organizers of the Chemical Warfare 
Section of the Army in World War I, 
he served also on the Nitrate Commis- 
sion and the Advisory Board on Gas 
Warfare and was chairman of commit- 
tee on use of zirconium in light armor. 

Dr. Parsons was appointed chief of 
the bureau of mineral technology in the 
Bureau of Mines in 1911, and became 
chief chemist in 1916, continuing in 
that capacity until 1919, 

Dr. Parsons, New Englander by birth, 
was graduated from Cornell in 1888 and 
received honorary degrees from the 
universities of Maine, New Hampshire, 
and Pittsburgh. At New Hampshire 
College, now the University of New 
Hampshire, he taught for more than 
twenty years. 

As mentioned in C.E.P. 
1953, page 60), Dr. 
awarded several honors for his public 
service and contributions to science, re- 
ference being made especially to his 
research the atomic weight of 
beryllium, 


W. B. NEWKIRK 

C.E.P. has recently heard of the death 
of W. B. Newkirk, retired. A graduate of 
the University of Southern California, with 
an B.A. in chemistry, Mr. Newkirk was 
associated for many years with the Corn 
Products Refining Co., Argo, IIL, serving 
in several capacities including the assistant- 
ship to the vice-president in charge of de- 


( January, 


Parsons was 


on 


velopment. 
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C-R EVACTORS 


MEET CORROSION PROBLEMS 


CROLL 


REYNOLDS 


CHILL-VACTORS 


Chemical Engineering Progress 


The chemical industries are employing more and 
more Croll-Reynolds Evactors in vacuum proo- 
esses where corrosion resistance is a major con- 
sideration. These steam jet vacuum units provide 
pressures ranging from a few inches to a few 
microns. Croll-Reynolds is a pioneer in the use 
of new construction materials and our engineers 
are investigating corrosion problems continually. 


Stainless steels, Monel metal, Beryllium copper, 
Ni-Resist, PMG metal, hard lead, special bronzes, 
Hastelloy, and Illium are but a few of the special 
metals which find their way into our equipment. 
Carbon is used extensively as a lining material, 
and many plastics including Teflon and synthetic 
materials are used for making complete Evactors. 


Consult our engineers for high vacuum equip- 
ment carefully designed for your specific condi- 
tions, and constructed of materials selected for 
your particular conditions. 


CROLL-REYNOLDS CO., INC. 


Main Office: 751 Central Avenue, Westfield, New Jersey 
New York Office: 17 John Street, New York 38, N. Y. 
STEAM JET EVACTORS 


CONDENSING EQUIPMENT 
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NEWS AND NOTES 
mq 


Council's first action at each meeting is to approve the interim decisions of the 
yt a Committee, one of the many working groups helping the Institute to 
unction. 


According to the Constitution, Council "shall have supervision and care of all 
property of the Institute and shall transact all business of the Institute for 
it and on its behalf." 


Such 4 task ror the members of Council would prove impossible; so the actual labor \ 


involved is delegated to an Executive Secretary & staff & Institute committees. 


Policy then becomes the major concern of Council, & more & more it deliberates on 
the broader aspects of the problems of the profession. ? 


Routine items however must be approved by either Council or interim authority 
delegated to a committee. 


Chief instrument of Council in this respect is the Executive Committee, composed of 
the President as chairman (Kirkbride), the Vice-President as v-chairman (Dodge), the 
Treasurer (Brown), the Secretary (Tyler) & the most recent past president (Nichols). 


For instance, acting for Council, the committee last month accepted the Treasurer's 
report, elected to membership those applicants favorably acted on by the members, 
elected student members, & approved the formation of a student chapter at Univer- 
Sity of Massachusetts. On the recommendation of D. E. Holcomb, chairman of the 
Student Chapters Committee, the Executive Committee appointed D. L. Green, J. 
Salamone, & B. E. Lauer chapter counselors at Clarkson School of Technology, 

Newark College of Engineering, & the University of Colorado respectively. 


Ann Arbor meeting this year is receiving much attention; theme of the meeting is 
Atoms for Peace. 


News stories & editorial in the New York Herald Tribune hail the meeting as an 
important step to aid the Eisenhower plan to foster nuclear energy for peaceful 
purposes. 

Problem of publicizing innovations in science and engineering is not new to the 
Institute, which has had a public relations committee since 1930. Current chair- 
man is George Jenkins, & working under him is one of the Institute's largest & 
most active committees. 


Internal communications to members as well as publicity about chemical engineering 
is the group's task. Internal public relations is usually investigated & pushed 
ahead by special committee projects. This page is the result of a drive by the 
committee for a news letter to all members. 


Booklet "Know Your Institute," written several years ago & sent to every member, 
is now being revised by Ted Burtis. 


Recent questionnaire was also the result of the Public Relations Committee's desire { 
to know more about membership attitudes. 


Dissatisfaction in the committee with Institute information services is healthy 
and continuous. 


Committee suggested Council send two copies of all committee reports to local 
section chairmen as way of keeping members informed. 


Also: stewed over a popular article for a national magazine to tell about chemical 
engineering; reported on attempts to get a special stamp for the Institute's 50th 
anniversary, planned a symposium on social responsibilities of engineers, appointed 
W. F. Kaiser to chairman a study on internal communications & lots more. 


This is one example of why officers & staff of the Institute sincerely pay tribute 
to the work, imagination, & energy of committees. 
F.J.V.A. 
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‘CONTROLLED 
VOLUME PUMPS 


Capacity ond pfessure range of 
the HyROYmetric Controlied 
Volume Pump compored with 
former copacity and pressure 
range of Milton Roy Pumps. 


g 
8 


88 


aki 


OISCHARGE PRESSURE (psi) 


g 


6 25 60 
SIMPLEX 

5 0 2030 50 0 200 5800 1000 
OuPLEX 


GALLONS PER HOUR (gph) 
This particular model is used for 
pressures up to 7500 pounds per 
square inch. A pneumatic piston ® 
positioner (top left) automatically HERE’S THE NEW HYROYMETRIC... 
regulates pumping speed in re- 
sponse to @ 3-15 pounds per For Metering Accuracy at Higher Pressures and Capacities 
square inch instrument air signal. 
Here's a new Milton Roy Flow-Control Instrument—to fill 
the growing industrial need for precision metering of liquids 
in the higher pressure ranges. 
1 pint to 2700 gallons per hour 
50,000 pounds per square inch 


Manual or automatic and fully 

adjustable while in operation 

Air or electric motor 

Full alloy selection 

The HyROYmetric is just one member of a complete line of 
Milton Roy Controlled Volume Pumps. Our engineering 
service includes sizing of equipment, proper instrumentation, 
panelboard design and construction, and all other details as 
part of the complete service available to you at no extra cost. 


Reference Literature — Write for Bulletin 
1153-A "'HyROYmetric”’ and Bulletin 553 Engineering representatives in the 


“Motor-Driven Controlled Volume P ” | Y United States, Canada, Mexico, Europe, 


Asia, South America and Africa 


COMPANY 


1379 E. MERMAID LANE PHILA. 18, PA. 


CONTROLLED VOLUME PUMPS AND AUTOMATIC CHEMICAL FEED SYSTEMS 
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How to 
SUSPEND SOLIDS 
UNIFORMLY 


This pilot plant mixer is working at top 
efficiency. 

The turbine impeller is turning just fast 
enough to create the turbulence needed to pick 
up solid particles from the tank bottom and set 
them in motion. 

The impeller is just arge enough, in relation 
to the tank, to set up a strong over-all fow, mov- 
ing particles rapidly and evenly throughout 
the fluid mass. 

Less power input would not distribute the 
particles evenly. More power, in the form of 
added speed or turbine area, would not do the 
job any better than it is being done now. 

The slightest deviation from top efficiency 
shows up at once on the curve plotted by this 
Mixco engineer. 


Save time on any mixing job—By using 
calibrated impellers for his test runs, he always 
knows his power input. By knowing what the 
calibrated impellers will do under all conditions, 
he can extend his optimum impeller size-speed 
ratio up to a tank size of fifty gallons, five thou- 
sand gallons, five million gallons—with pin- 
point accuracy. 

He can double-check his findings, with com- 
mercial-scale LIGHTNIN Mixers in test tanks 
70,000 gallons big, for high precision. 

He can save you weeks, perhaps months, of 
research and pilot plant work on any fluid 
mixing operation. 

Finally, he can guarantee you maximum re- 
sults, with a LIGHTNIN Mixer selected for the 
exact power-speed-torque combination your 
process needs. 

If you'd like to know more about engineered 

fluid mixing —how it results in a better reaction, 
a more uniform product, savings in process BIG MIXING JOBS con be 
time and cost... how it is applied to liquid- eS oe Lo 
liquid, solid-liquid, or gas-liquid systems... LIGHTNIN Mixer. Any open or 
how it gives you results that are guaranteed— — = 
just call in your LIGHTNIN representative. Or ae 
write us today. 


available, ranging from | to 


500 HP input. 


(0 DH-50 Laboratory Mixers 

DH-51 Explosionproof 
Loboratory Mixers 

(CD 8-102 Top Entering Mixers 
(turbine and paddle types) 

(CD 8-103 Top Entering Mixers 
(propeller type) 

8-104 Side Entering Mixers 


MIXING EQUIPMENT Co., Inc. 


199 Mt. Read Bivd., Rochester 11, N. Y. 


In Canada: William & J. G. Greey, Ltd., 
100 Miranda Avenve, Toronto 10, Ont. 


Please send me, without obligation, catalogs checked ot left. 


(CD 8-105 Condensed Catolog Nome — Title 
(complete line) 

(CD 8-107 Mixing Doto Sheet 

(CD 8-108 Portable Mixers 
(electric and air driven) City Zone___ State 


DO HUNDREDS of mixing jobs 
efficiently, at low cost with 
LIGHTNIN Portable Mixers. 
Electric or oir motors, direct or 
gear drive. More thon 30 
stondord models. Sizes Ye to 
3 HP. Full choice of motors, 
materials. 


data on 


IN VERY LARGE TANKS, you 
con mix, blend, circulate, sus 
pend solids, with o LIGHTNIN 
Side Entering Mixer—faster 
and more cheaply than by any 
other method. Sizes from | to 
25 HP, for tonks os big os 6 
million gallons. 


GET THESE HELPFUL FACTS ON MIXING 
LIGHTNIN Catalogs contain practical 
impeller selection; sizing; 
best type of vessel; installation and 
operating hints; full description of 
LIGHTNIN Mixers. Yours without obli- 
gation. Check and mail coupon today. 


MIXCO fivid mixing specialists 


000 second. 
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